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Abstmct 
This thesis reports the findings of a search of the literature on non conventional sewerage 
(NCS) systems in developing countries. The thesis also contains information obtained by 
personal communication with people and institutions having first hand experience of such 
systems. 
The opening chapter surveys the range of sanitation systems that have been implemented in 
low income urban areas in developing countries. It summarizes the problems associated with 
them, paying particular attention to those reported in connection with so-called "conventional" 
sewerage schemes. The various sewerage systems put forward in the literature as being 
unconventional are introduced. It is noted that many of them have yet to be implemented. 
In the second chapter the technical design of NCS systems is examined in relation to the 
range of design values and practices used in conventional sewerage schemes. This leads to four 
broad conclusions. Firstly, the primary objective of nearly all NCS design has been the reduction 
of costs. Secondly, NCS systems may be divided into two categories according to whether or not 
they incorporate interceptor tanks designed to prevent the bulk of the solids contained in excreta 
and sullage from entering the sewer lines. Thirdly, both NCS and conventional systems have 
been designed according to a wide range of specifications, although the latter appear never to 
have used interceptor tanks. Fourthly, there is a substantial amount of common ground between 
NCS and conventional design practice, and in particular between NCS designs without 
interceptor tanks and conventional sewerage. 
The third chapter reports the social, institutional and financial aspects of NCS projects, 
although conSiderably less information was found on these matters compared with that available 
on technical design. A shared feature of many systems is the emphasis on the importance of 
achieving a high level of community involvement in one or more of the four stages of project 
planning, building, maintenance and financing. 
The penultimate chapter focuses on NCS costs and on how successful implemented NCS 
systems have been. Success is defined in terms of: 
- how widely they have been utilized; 
- how well they have functioned; and 
- their health and other impacts. 
For many systems, the available information is inadequate, particularly in relation to functioning 
and impact. The only places where NCS appears to have been at all widely utilized are Orangi 
Town, a large squatter settlement near Karachi in Pakistan, and the States of Rio Grande do Norte 
and Sao Paulo in Brazil. 
The final chapter contains conclusions abcrut NCS design and about the relative success and 
failure achieved by the different NCS systems. Suggestions for further research are made in the 
light of the information gaps and the varied design, implementation and operating practices 
revealed during the course of the study. 
"If that man is a benefactor to his race, who makes two blades of wheat grow, where only one 
grew before, he is likewise so, in a degree, who constructs two lineal yards of effective sewer, for 
the price that has before been expended upon one yard; if the cheaper sewer performs its 
functions more, or even as, perfectly, then is the achievement so much the worthy; but if it does 
not perform so well, then the innovation becomes an injury." 
Robert Rawlinson 
in: "On the drainage of towns", Minutes of Proceedings of the Institution of Civil Engineers, 
1853. 
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1. Sanitation for low income nrban llI'elL'i in developing coontries 
1.1 Waste water, heaHh and the environment 
The aim of good sanitation is to dispose of waste water safely. This study is concerned with 
human waste water, which may be divided into excreta (plus any water used for flushing and anal 
cleaning) and sullage. Excreta consists of faeces and urine. Sullage is waste water from kitchens, 
bathrooms and laundry rooms. 
1.1.1 Excreta 
The hazards to health that can result from excreta, especially in densely populated areas, are. 
universally recognised. As Feachem et al (1983) have concluded, "Human excreta are the 
principal vehicle for the transmission and spread of a wide range of communicable diseases" and 
"the collection, transport, treatment and disposal of human excreta are of the utmost importance 
in the protection of the health of any community". Table 1.1 presents a classification of excreta-
related infections. 
Wagner and Lanoix (1958) proposed that the following health and environmental criteria 
need to be met for excreta disposal to be judged fully satisfactory: 
the surface soil should not be contaminated; 
there should be no contamination of ground water that may enter springs or wells; 
there should be no contamination of surface water; 
excreta should not be accessible to flies or animals; 
there should be no handling of fresh excreta (or, if this is indispensable, it should be kept to a 
strict minimum); and 
there should be freedom from odours or unsightly conditions. 
In addition to the above, and of particular relevance in urban areas, a sanitation system must not 
contaminate any water supply mains. 
The importance of improved methods of excreta disposal in the control of infections is 
indicated in Table 1.1 which also makes clear the influence of such related control measures as 
improved water availability and hygiene education. 
The health impacts of improved sanitation have often proved difficult to quantify (Briscoe et 
al 1986). However, a literature review by the World Health Organization's Diarrhoeal Diseases 
Control Programme, has reported that a median reduction in diarrhoea morbidity of 22 per cent 
has been recorded when sanitation has been improved (Esrey et al 1985). 
1.1.2 SnUage 
If SUllage disposal is inadequate, it may form stagnant ponds. This will constitute a health 
hazard by providing breeding sites for the Culex pipiens complex of mosquitoes, some species of 
which act as vectors for Bancroftian filariasis and Rift Valley fever (Feachem et al 1983). Kilama 
1 
and Minjas (1985) have reported that rapid urbanization in East Africa has led, in the absence of 
adequate waste water disposal, to unprecedented increases in populations of C. quinquefasciatus, 
a member of the C. pipiens complex, and that as a result Bancroftian filariasis "is highly endemic 
in coastal East Africa". 
Table 1.1 Environmental_lion or HJCrda ..... lated inredions 
Category Infection Type of Dominant routes Major control measures 
pathogen of transmission 
1. Faecal-oral POliomyelitis V Person to person Domestic water supply 
(non-bacterial) Hepatitis A V contact Improved housing 
Non-latent, low Rolavirus diarrhoea V Domestic Provision of toilets 
infectious dose Amoebic dysentery P contamination Health education 
Giardiasis P 
Ba1antidiasis P 
Enterobiasis H 
Hymenolepiasis H 
2. Faecal·oral (bacterial) Diarrhoeas and dysenteries Person to person Domestic water supply 
Non-latent, medium or Campylobacter enteritis B contact Improved housing 
high infectious dose, Cholera B Domestic Provision of toilets 
moderately persistent E. coli diarrhoea B contamination Excreta treatment prior 
and able to multiply Salmonellosis B Water to re-use or discharge 
Shigellosis B contamination 
Yersiniosis 
Enteric fevers 
B Crop contamination 
Typhoid B 
Paratyphoid B 
3. Soil-transmitted Ascariasis H Yard contamination Provision of toilets 
helminths Trichuriasis H Ground with clean floors 
Latent and persistent Hookworm H contamination in Excreta treatment prior 
with no intennediate Strongyloidiasis H communal to land application 
host defaecation area 
Crop contamination 
4. Beef and pork tapewonns Taeniasis H Yard contamination Provision of toilets 
Latent and persistent Field contamination Excreta treatment prior 
with cow or pig Fodder to land application 
intennediate host contamination Cooking and meat 
inspection 
5. Water-based helminths Schistosomiasis H Water Provision of toilets 
Latent and persistent Clonorchiasis H contamination Excreta treatment prior 
wi th aquatic Diphyllobothriasis H to discharge 
intennediate host(s) Fasciolopsiasis H Control of animals 
Paragonimiasis H harbouring infection 
Cooking 
6. Excreta-related Filariasis H Insects bred in Identification and 
insect vectors Infections in Categories M various faecally elimination of potential 
1 to 5, especially 1 and 2, contaminated sites breeding sites 
which may be transmitted Use of mosquito nets 
by flies and cockroaches 
Notes. 
B = bacterium H = helminth P = protozoan V = virus M = miscellaneous 
Source: Feachem (1983) 
C. quinquefasciatus is also the main nuisance mosquito of tropical urbanized areas; in India 
over seven hundred C. quinquefasciatus bites have been recorded per person per night (Gubler 
and Bhattacharya 1974). 
2 
If sullage ponding occurs on the soil surface, a favourably moist environment will be 
provided for the development and transmission of helminth eggs (Kalbermatten et al1982 b). It 
has also been suggested (Feachem et al 1983) that a muddy garden or yard resulting from 
inadequate sullage disposal is likely to encourage insanitary defaecation by childreri. 
Therefore from a heal th point of view the primary aim of good sullage disposal is the 
prevention of ponding. 
In addition to these health hazards, sullage may also cause significant organic pollution if it 
is discharged without treatment into water courses, since it tends to have a high biochemical 
oxygen demand (Kalbermatten et al1982 b). 
1.1.3 Treatment and disposal 
In order to achieve the fullest health and environmental benefits provision needs to be made 
for the satisfactory treatment and disposal of waste water (Table 1.1). This study focuses on 
sewerage. Sewerage is a means of waste water collection. All such collection technologies ideally 
require treatment and disposal facilities. 
This study does not examine'the treatment and disposal of sewage in any detail. It needs 
always to be borne in mind therefore that the healthancl_environm~ntal benefits of a well-ordered 
Q.I). s!.t~_ ~,!.I)i.tati!m ~y,st~m. (~c.c~jO!1.~.4, 1);a[,~Jik(!1 y, t9.~b.e. greater than ,th~e oJ a sewera ge.system 
tp.aJ ,qoes.f1ot,p'rovi9!!.f9!. tr!;~.t~t<m.andAispos~I;:the.()utfallpr ol!tfalls of the-latter wilL ....' 
~().n.ta.l)1!n!l.t~ ~!!rface ~i!!~r, provide lIn'9PportunityJ:orcontact,betweentliesand animals and ':. 
~~Hce!~, a!l.d,ma~e:!J1f.,eI)vir~~lJleJ!\:.o,f~.opl~Jiving nearby. b.9th~ma~odorous and unsightly. 
- --- -------
It has been argued, however, (Holfelder and GKW 1978; ITS 1989) that in situations where 
on site options are not feasible and where resources are so scarce that the reality is a choice 
between an 'off site system without treatment or no system at all, worthwhile benefits can be 
achieved even if treatment is not initially provided. This view has a long history; it was shared by 
a nineteenth century advocate of sewerage in the United Kingdom who held that "if human life 
was the prime consideration", the chief necessity was to get rid of sewage from the immediate 
vicinity of people's homes "even if it were at the expense of the purity of the rivers" (Rawlinson 
1871). 
Similar reasoning has been used to argue that worthwhile benefits may be obtained even if 
trunk sewers to transport waste water fully away from residential areas are not provided (Abbott 
and Lumbers 1985; Balfours and EC 1987). It has for example been asserted (Balfours and EC 
1987) that: "The removal of sewage from the proximity of dwellings should effect a major 
improvement on the overall health of the community. Its subsequent disposal away from the area 
or its effective treatment will produce very little further benefit to the community as a whole and 
is not recommended in the first instance. ' 
No studies have been found which compare in any detailed manner the health and 
environmental benefits of sewerage systems without trunk sewers or treatment plants to those 
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provided by complete systems. 
Only general comments may therefore be made on this point. It would seem reasonable to 
conclude that the sewering of a street will lead to a reduction in the amount of waste water visible 
in the street, as well as a reduction in the level of direct contact between residents and excreta. 
Conditions within the street should also become less favourable for the development and 
transmission of helminths and the breeding of mosquitoes and flies. On the negative side, people 
living in the vicinity of the numerous outfall points a system without trunk sewers necessarily 
has, will suffer a deterioration in their environment as well as the possibility of an increased risk 
to their health. 
Information about the degree of collection and treatment which is provided by the non 
conventional sewerage systemS examined in this study is contained in Sections 2.3 and 2.4 and 
Tables 2.3 and 2.4. 
1.2 Low income urban areas in developing countries 
Before looking at the sanitation options for low income urban settlements in the developing 
world, it is worthwhile to note some of the general characteristics of such settlements since these 
have important implications for the choice of sanitation. 
Many low income settlements are unauthorized. Acquiring rights of land tenure or gaining 
some form of1de fa:!~ recognition from the authorities is likely to be a necessary pre-condition 
before householders are willing to invest much in their housing or services (Zetter 1984). 
The government authorities and other institutions responsible for the provision of sanitation 
in authorized low income settlements are often severely under-funded and over-stretched 
- -- - - - - - -
(Rondinelli and Cheema 1988), whil'e:tne:residentS tnemselvesoften'Iiavepriorities they perceive 
!lS:more. i~portant (waterahd:~lec!Ijtjty,suppl y (dr .. example) than i)p proving their saniiatiiin S 
(UNC;:HS.1984):~:rhe.edlicatiohal facilities availab!e:tomanyicommunities are:ofteri poor and this 
can further, reduce th~ .importance:attached" to.i>anitationby,favol:'ring a:lack of:awareness'of the 
c()nnections between waste water-and' disease:. 
Low income urban settlements, and unauthorized settlements in particular, tend to be 
situated on land considered unsuitable for conventional development. Sites are often steeply 
sloping or flat and poorly-drained with impermeable soil. Bradley (1983) has reported soil 
percolation rates as low as 600 minutes per centimetre for various sites in East Malaysia, adding 
that many of the sites are "typical of low-lying urban development areas on reclaimed swamp or 
coastal land". 
Most unauthorized settlements and many old slum areas have unplanned and irregular site 
layouts. Many also have very narrow streets which create additional access problems. Houses 
themselves can be rather precariously built with inadequate foundations (UNCHS 1986). 
Finally, with the exception of some unauthorized settlements located on the periphery of 
towns and cities, low income settlements tend to have high population densities. According to 
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Kirke (1984), 600 people per hectare is "a figure often exceeded", and the United Nations Centre 
for Human Settlements (UNCHS) has reported that "Over 20 developing countries have urban 
areas where the population density exceeds 700 persons per hectare" (UNCHS 1986). 
Plot sizes are consequently small. In Indonesian low income areas, where densities range 
from 350 to over 1250 people per hectare, 44 per cent of plots are less than 5Orrt2 and only 30 per 
cent are bigger than 1OO~ (Silas 1984). Average plot sizes in the katchi abadis of Karachi are 
50m2 (McGarry 1985). In one Brazilian unplanned settlement it has been reported (UNCHS 
1986) that over half the plOts were less than 80~. 
1.3 Sanitation options 
1.3.1 Def"mitiODS 
The definitions of the following terms as they are used in this study may be found in the 
Glossary: 
leachpit latrine; 
interceptor tank latrine; 
- compost latrine; 
- seepage pit; 
- seepage trench; 
bucket latrine; 
vault latrine; 
surface channel; and 
sewer. 
1.3.2 The range of options 
Sanitation technologies can be divided according to whether they are on site or off site and 
also according to the types of waste water that they deal with. To be fully satisfactory sanitation 
systems must make provision for both excreta and sullage. Sanitation systems therefore may 
consist wholly of on site technologies, wholly of off site technologies or be made up of a 
combination of the two kinds (Table 1.2). Most of the rest of this chapter is concerned with the 
drawbacks of these different forms of sanitation in low income urban areas in developing 
countries. 
1.4 On site sanitation 
lA.l General 
In a wholly on site system all excreta and sullage is deposited on the plot into one or more 
pits/tanks/trenches, or, in the case of small quantities of sullage, directly on to the ground. The 
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liquid component of the waste leaches into the soil through the soil surface, the walls of a pit, or 
the sides of a trench. Either the solid component is periodically removed or else a new pit/tank is 
constructed. 
Examples of-on site technologies and the types of waste water they deal with are listed in 
Table 1.3. 
Table 1.2 Sanitation system permOlatiODS 
Excreta disposal technology 
l. 
a) Leachpit latrine 
b) As above 
c) Asabove 
d) Asabove 
2. 
.3) Interceptor tank latrine and 
seepage pi t or trench 
b) As above 
c) As above 
d) As above 
3. 
a) Compost latrine 
b) As above 
c) As above 
4. 
a) Bucket collection 
b) As above 
c) As above 
5. 
a) Vault collection 
b) As above 
c) As above 
6. Covered surface channel 
7. Sewer 
Notes. 
Sullage disposal technology 
Soil surface 
Seepage pit/treneb 
As for excreta 
Open or covered surface channels 
Soil surface 
Separate seepage pit/trench 
As for excreta 
Open or covered surface channels 
Soil surface 
Seepage pit/trench 
Open or covered surface channels 
Soil surface 
Seepage pit/trench 
Open Of covered surface channels 
Soil surface 
Seepage pit/trench 
Open or covered surface channels 
As for excreta 
As for excreta 
Type of system 
On site 
On site 
On site 
Mixed 
On site 
On site 
On site 
Mixed 
Onsile 
On site 
Mixed 
Mixed 
Mixed 
orf site 
Mixed 
Mixed 
Off site 
Off site 
Off site 
1. Some of the above permutations, for example La) and c), 2.a), 3.a), 4.a) and 5.a) are likely only to be feasible at low 
population densities and/or low levels of water usage. 
2. Surface channels may be open or covered. If they are oIXn they should not be used to collect excreta. 
Table 1.3 00 site ... oitatioo tedmologies 
Teebnology 
Soil surface: . 
Sullag~ .seepage~ pi! or, trench ~'l 
Compost latrine~. 
Veiltilated:pi~ ,latrine .~: 
Pour. flush pi! latrine 
Ventilated double pit latrine'.:.: 
Priur,flush double,pit'latrinel 
Aqua p~vy.~atrine and seepage pi~ or,trench 
Sept!c tank latrine and seepage. pit or.trench ': 
Notes. 
Waste water 
Sullage only 
Sullage only 
Excreta only 
Nonnally excreta only 
Normally excreta only 
Normally excreta only 
Normally excreta only 
Normally excreta and sullage 
Normally excreta and SUllage 
1. According to the definitions used in this study, technologies 4, 5, 6 and 7 come under the heading of "Ieachpit" 
latrines, while technologies 8 and 9 are "interceptor tank" latrines. 
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lA.2 Problems of on site sanitation in low income nrban areas 
It should be stated at the outset that on site sanitation is usually cheaper than off site 
alternatives, since the former does not require the construction of any off site infrastructure. The 
exceptions to this rule are certain aqua privy and septic tank systems. For a number of reasons, 
however, some or all of the options in Table 1.3 may not always be feasible. 
Firstly, official standards, as Davidson and Payne (1983) have commented, whether in the 
form of central and local government laws and regulations or government department ideals may 
rule out the use of leachpit latrines entirely. 
Secondly, leach pit systems may be perceived by the community as an unacceptable "second 
best" solution if the authorities propose them as a solution to the sanitation problem. They may 
wish to have the same form of sani tation as they know their richer neighbours possess, that is 
either conventional sewerage or septic tanks. 
Thirdly, there is the problem of leachpit and interceptor tank desludging. Unless the users 
are prepared to take responsibility for doing it, the authorities will have to organize the 
manpower and vehicles to do it. Unless desludging is done manually and the removed sludge 
buried on plot, there may also be a problem of access. In the case of unplanned sites, narrow 
streets may be impassable by pit desludging vehicles. Other access problems will result if latrines 
are positioned at the rear of plots, away from roads and other forms of access, or if there are no 
lateral passages between houses. 
Fourthly, if the reuse of excreta is culturally unacceptable, or viewed as not worth the effort 
involved, compost latrines will not be a feasible option. 
Fifthly, if a site is steeply sloping, the difference in level between houses may cause 
interference between the leachpits and seepage systems of neighbouring households. This has 
been reported as a problem in Natal in Brazil (Sinnatamby 1983). 
Sixthly, if leach pits penetrate the groundwater table, the use of groundwater for drinking 
purposes is constrained. There is also a possibility that any water mains laid below the water 
table may become contaminated, especially if water supply is intermittent and the mains become 
depressurized (Lewis et al 1980). 
Finally there is the problem of sullage disposal. Disposing of it casually by tipping it away 
on to the ground is unlikely to remain a sanitary option once water supplies have improved to the 
yard tap level, that is approximately 50 litres per person a day. If ponding on the soil surface 
becomes a problem, space is required on the plot to build some form of seepage system, either a 
pit.(Figure 1.1) or a trench (Figure 1.2). These must not be built over. Table 1.4 shows the land 
requirements of seepage pits and trenches. 
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Figure 1.1 Schematic of a seepage pit (Source: adapted from Wagner and Lanoix 1958) 
Table 1.4 Unbuilt-on plot areas required for on site sanitation 
Waste water Infiltrative capacity Area required for a Area required for a Area required for 
flow (I.e.d.) of soil (I.m>.d.) l.5m deep seepage pit (m') 3m deep seepage pit (m') seepage trenches (nr) 
50 10 32 8 30 
20 8 2 15 
30 4 1 10 
80 10 82 20 48 
20 20 5 24 
30 9 2 16 
~~--~ 
J'..~J'!~m~r.of ~.9p'e ~r p~ot a;;s1f~ed ,to ~ ~~"!: . 
. ?: .IQfiJt!.~tion _is .~!lm~~' ~9 .~.ur t.hrough lhC?\~.alls pf s_~p.age pits e;md _trencJ.1~s; .rang~ p! in.~ltr~tl(?~ J~.te~ ~or:a ;~ Jl • 
.iTIter~pt.or ~~~ ~fq~~~t:'?r:.~ullage taken from Kalbermanend at (1982 b). . " 
3. Seepage trench effective depth assumed to be 0.75 of a metre. 
4. Two seepage trenches are provided in each case. 
5. Seepage trenches assumed to be 0.5 of a metre wide. Space between trenches assumed lO be 2 melres. 
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Figure 1.2 Seepage trench system (Source: adapted from Coneral and Noms 1969) 
In addition to these land requirements there are a number of further considerations. 
Kalbermatten et al (1982 b) have recommended that leachpits. seepage pits and seepage trenches 
should be situated at least 3'metres away from building·s. and that an interceptor tank should be a 
minimum of 1.5 metres away. 
It is also good practice to provide space for a second seepage system to be installed in order 
to allow the original system to rest when its soil pores become clogged. If this is done. the 
required land area will be double that shown in Table lA. 
Furthermore actual site conditions may be less favourable than any of the permutations 
considered in Table lA. In areas where the groundwater table or rock formation is high. seepage 
pits will need to cover even more land than the 1.5 metre deep pits in Table lA. It is also possible 
that the infiltrative capacity of the soil will be less than 10 litres a day per m2. of sidcwall (Bradley 
1983; Section 1.2) with a consequent increase in the amount ofland required for infiltration. 
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From a consideration of a range of population densities and average plot sizes (Table 1.5), it 
is clear that there will be situations in densely populated settlements such as those referred to in 
Section 1.2 where on site disposal of all waste water will not be feasible on grounds of space. In 
short, this problem arises with an increase in the supply of water and the subsequent generation 
of an increased quantity of sullage which overloads the soil's infiltrative capacity. In addition, the 
larger seepage systems (particularly the trench systems) detailed in Table 1.4 will be costly to 
construct and are part of the reason why the cost of aqua privy and septic tank systems can 
sometimes equal or exceed that of off site sanitation options .. 
For one or more of the foregoing reasons therefore a completely on site sanitation system 
will not always be possible. 
Table 1.5 Population densities and plot sizJ:s 
Gross population density 
(people per hectare) 
150 
200 
250 
300' 
350 
400 
450 
500 
550 
600 
650 
700 
Notes. 
Net population density 
(people per hectare) 
250 
333 
417 
500 
583 
667 
750 
833 
917 
1000 
1083 
1167 
Average plot size (m 1 
240 
180 
144 
120 
103 
90 
80 
72 
66 
60 
55 
51 
1. "Net density includes all land occupied by residential plOts. It differs from gross density in that the latter includes 
land occupied by roads and public facilities." (Davidson and Payne 1983) 
2. Net densities calculated on the assumption that private land constitutes 60 per cent of total land. 
3. Plol sizes calculated assuming 6 people per plot. 
1.5 Off site sanitation 
1.5.1 General 
In circumstances where on site disposal is not feasible, some form of off site sanitation, either 
for sullage alone or for both excreta and sullage, will be required. Table 1.6 lists the range of off 
site waste water collection technologies and the types of waste water with which they deal. 
Table 1.6 Off site sanitatioo tedlIJologies 
Technology 
Bucket latrines and collection 
Vault latrines and collection 
Open surface channels 
Covered surface channels 
Sewers 
Waste water 
Excreta onI y 
Excreta onl y 
Storm water; may also contain sullage 
Storm water; may also contain excreta and sullage 
Excreta and sullage; some or all storm water may also be 
admined 
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As may be seen from Table 1.6, bucket and vault systems do not address the problem of 
sullage disposal. Bucket latrines are, moreover, notoriously insanitary (Kalbermatten et al 1982 
b). Vaults may be considered as an alternative to an on site system for excreta such as a leachpit 
or an interceptor tank followed by a seepage pit or trench. The advantage of a vault system is that 
it makes very little demand for on plot space. The chief disadvantage is that because the contents 
of the vaults have to be frequently emptied and transported away, the system is prone to 
institutional neglect and inefficiency. 
The remaining options, both of which do have the capacity to deal with sullage, are surface 
channels and sewers. Sewers collect both excreta and sullage. They may also receive some or all 
of the rainfall run off. Surface channels are primarily constructed to handle rainfall but they may 
also be used to collect sullage and, if covered, excreta. If channels are used for sullage collection 
in areas with a distinct dry season, they should be lined with a specially designed invert (Figure 
1.3) in order to facilitate self cleansing flow during periods of little rainfall. 
In terms of relative cost, it has been reported that, as a very rough guide, lined channels may 
cost up to ten times the cost of unlined systems, and that covered channels cost twice as much 
again but are still likely to be cheaper than sewers (Wray 1989). 
1.5.2 Problems of surface channels in low income urban areas 
Whether or not using surface channels to dispose of human waste water is satisfactory from a 
health point of view will depend on the following factors: 
- the nature of the waste water contained in the channel; 
- contact between people and any pathogens present in the waste water in the channel; and 
- the freedom of flow of the waste water in the channel. 
Open channels are not meant to convey excreta. In practice however human excreta often 
finds its way into them. Quantitative information on the subject is rare, but the contamination of 
open channels wi th excreta has been reported as a significant problem in urban areas in Brazil 
(Assis and Barros 1985; Rondon 1989), Nigeria (Oluwande et al 1979; Holfelder and G KW 
1978), Chad (Black and Veatch 1975), the Occupied Territories of the West Bank and the Gaza 
Strip (LDP 1989), India (Olsson 1988), Pakistan (BKH undated; McGarry 1985; Hasan 1986), 
Indonesia (ADB 1984; Kruijff 1984; JTS 1989), Malaysia (Bradley 1983) and Thailand (Edwards 
and Hazell 1986; A1T and CL 1988). 
Contamination may occur in a number of ways. Firstly the overflow from overloaded 
seepage pits may be connected to a channel (Bradley 1983; Edwards and Hazell 1986). 
Alternatively the overflow from an overloaded leach pit latrine or the effluent from an interceptor 
tank may be directly connected (Bradley 1983; BKH undated). This is reported to be "general 
practice" in Asia (WEDC 1988). When desludging does occur channels may be further 
contaminated by having septage dumped into them (Kruijff 1984; JTS 1989; BKH undated). In 
Pakistan it has been reported that nightsoil from bucket latrines is disposed of in channels (BKH 
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undated). 
It has been reported that 17 per cent of Indonesian urban households have neither leachpits 
nor interceptor tanks and it is presumed that the excreta of the majority of such households drains 
directly to open surface channels (JTS 1989). Direct connections are also mentioned as occurring 
in Pakistan (BKH undated), Chad (Black and Veatch 1975) and Nigeria (Holfelder and GKW 
1978; Oluwande et al 1979). 
\ 
Existing channellection 
Proposed improvement 
Existing !;hennal section 
Propo,~ improvement 
17 
/1 
I 
! 
, 
/;.,-- Conerelt or packed clay 
Figure 1.3 Surface channel linings for sullage collection (Source: adapted from Kalbermatten et 
al 1982 b) 
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As a result of such contamination Oluwande et al (1979) found that in high density housing 
areas in Ibadan in Nigeria "the open drains contain waste water with characteristics varying 
between those of fresh and septic domestic sewage" and that "Many types of pathogenic 
organisms, which normally cause morbidity and mortality in Ibadan, were identified in their 
infective forms in the samples" taken from the channels. 
Bradley (1983) has reported that in Malaysia "the faecal coliform levels in the urban drains 
range from only 0.5 to 2 orders of magnitude less than in untreated Malaysian sewage". He 
concluded that, if it is assumed that pathogens may be present in similar proportions to faecal 
indicator bacteria, such channels pose a considerable potential risk to public health. 
The actual health hazard posed by a channel is affected by the degree of contact between 
people and the pathogens present in it. Where channels are open, as in Ibadan, it is likely that "all 
those who live in the areas, especially the children, have either occasional or regular contact with 
the drains' contents" (Oluwande et aI1979). Covered channels are often no better because their 
cover sections are not replaced when they are stolen or damaged (Black and Veatch 1975). 
Contact may also occur in other ways. In the city of Quetta in Pakistan it is reported that 
during the rainy season open channels contaminated with excreta overflow and flood large parts 
of the city with diluted waste water (BKH undated). 
There may also be indirect contact. In Ibadan it has been reported that water pipes are often 
located in the channels; since water supply is intermittent, contamination can easily occur 
(Oluwande et aI1979). 
Additional health hazards are created if the freedom of flow in surface channels is obstructed 
and stagnant pools of dirty water are formed. Such pools promote the breeding of the Culex 
pipiens group of mosquitoes (Section 1.1.2) with the attendant health risks and nuisance. Flow 
restriction in channels may be caused by refuse having been dumped or blown into the channel. It 
may also result from siltation. In Karachi it has been observed (Balfours and EC 1987) that 
"where storm water channels have been provided in katchi abadis, they are notoriously difficult 
to maintain free of refuse; even when covered by concrete slabs many have become damaged or 
displaced permitting entry of wind blown sand and refuse". It is thought that using surface 
channels for sullage disposal may exacerbate the problem in areas with a distinct dry season since 
it may lead to Culex pipiens breeding all year round instead of merely in the rainy season 
(Feachem et aI1983). 
Using surface channels to dispose of sullage in addition to rain water also has an economic 
cost which may be overlooked. It is likely to increase public land requirements, since, as Clarke 
et al (1989) have pointed out, "A surface water drainage system that only carries rainwater need 
not be as extensive as one intended for sullage'or spilled water. Flow of clean rainwater across 
roads and stone flooring is quite satisfactory, so surface water drains would not normally be 
required on both sides of roads." Since public land does not generate revenue (its cost must be 
borne by people occupying private land or else subsidized by government), it follows that the 
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economically most efficient site layout is the one that keeps public'land' take to the'miriirilUm' 
feasible (Davidson and Payne 1983), This is ofparticuhir"significance'insettleinents with hi@t' 
population densities and small plots (Section 1.2) where.the cost of developable,land is at a ' 
premium."ln low'insome hoUsing projects in developing co'untries itmayoften be the largest 
I single element of'project costs (Kirke 1984). 
1.5.3 Problems of conventional sewerage in low income urban areas 
The collection of excreta and sullage in buried pipes is usually referred to as "conventional 
sewerage" in the literature since most of the design principles were systematized as long ago as 
the last century in Europe and America. 
The implementation and operation of conventional sewerage in developing countries has met 
with many difficulties. Very revealing in itself is the marked discrepancy between the number of 
actually constructed schemes and the number of feasibility studies. Lagos in Nigeria l)as been 
reported as having had seven comprehensive but unproductive proposals prepared for its 
sewering between 1926 and 1965 (Hansen and Therkelsen 1978), and Pickford (1978 a) has 
reported at least five for Bangkok in Thailand. 
1.5.3.1 High cost 
The main barrier to the implementation of sewerage has been its high cost, the difficulty of 
recovering that cost through user tariffs, and the consequent need for central or local government 
subsidy. 
The total annual cost per househ.old '(including 9lFplofas·well as off:site costs) of,,, '':1 I', ;'1 
convenlional sew'erage sys.telJ!S:in.five developing country,.cities.1ay.betWeen $140 and $570, !',~ 
I ",hereas total,annual householdoincomes'in.the same countries"were report~dlYifrequently:less J 
,tllan$500Land often less than $200 (Kalberrnattenetal:1982:a; alI.figures 1978, U:S. dollars). 
- - -- - -- - '- '- - -
In such cases the cost of sewerage (unless heavily subsidized by the authorities) is, for the 
great majority of residents, out of all proportion to the level of their income, the value of their 
property and the priority they place upon sanitation relative to other services (Pickford 1979; 
Section 1.2). In Botswana, for example, it has been concluded (WASH 1986) that conventional 
sewerage could not "be implemented without substantial levels of direct government subsidy". 
Such levels of subsidy are unsustainable and therefore not widely replicable; in Indonesia it has 
been reported that user tariffs are only sufficient to cover operating costs and that in view of this 
local government is "not likely to wish to finance sewerage projects except on a very small scale 
and in exceptional circumstances" (JTS 1989). 
Sewerage also has substantial costs which 'are sometimes overlooked, notably the cost of 
water used for flushing and the cost of on plot parts of the system such as house sewers and 
sanitary fixtures (Section 2.7.4; Section 4.5.1.2). 
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1.5.3.2 Low coonection rates 
The on plot pipes necessary to connect individual households to the collector sewer in the 
street are not usually constructed at the same time as the rest of the sewer network. Once the 
system has been built, therefore, there remains the problem of how to e!l5ure that all the intended 
beneficiaries connect up to it so that the full health and environmental benefits are realized. 
Inadequate waste water flows caused by low connection rates also increase the likelihood of 
solids deposition and pipe blockage (ITS 1989). 
There are many references in the literature to slow connection rates and the problem has a 
long history. An early reference (Strachan 1899) bemoans the fact that in Karachi "House 
connections were not very numerous owing to the ... objection to the outlay involved in making 
them." 
More recently, the same problem has been reported as being significant in Brazil 
(Sinnatamby 1983), Kenya (EAEC 1977), Venezuela (Lansdell 1977), Ghana (Pickford 1978 b), 
Malaysia (WEDC 1988), Bangladesh (UNESCAP 1984) and Indonesia (JTS 1989). In India, 
even with laws making connection compulSOry, it has been reported that less than 50 per cent of 
houses are connected to sewers which were laid fifty years previously (Roy et al 1980). 
Foremost among the reasons for slow connection rates is the expense and upheaval that is 
required on the part of residents. In Natal in Brazil it is reported that such difficulties are made 
worse by the fact that collector sewers are conventionally laid along the front of plots in the road 
while household sanitary fixtures are at the rear of the plot and many houses have no lateral 
spaces between them (Sinnatamby 1983). Connection therefore involves the building of long 
house sewers beneath the structure of the house. A similar problem has been reported in relation 
to Venezuela and Latin American countries in general (LansdeIl1977). 
Even if connections are made they are often done poorly. In Karachi the construction of 
connections has been left to the residents with the reported consequence that "The quality of 
workmanship was poor and several sewers were not functioning properly" (Balfours and EC 
1987). 
1.5.3.3 Constrnction problems 
Inadequate technical and construction management skills have been a problem in sewerage 
projects in a number of countries. In Gaberone "Much of the original reticulation system is 
deemed to be badly constructed ... Many sewer lengths were laid with little or no gradient" 
(WASH 1986). Maintaining gradients is also reported to be a problem in Pakistan (Tayler 1988). 
More generally, poor or substandard workmanship and materials have been reported (AJT 
:and CL 1988) as widespread in sewer construction in Chonburi, Thailand; it was concluded that, 
;because 10caUndustry had insufficient experience relating to sewerage,!any systemwould;need,to 
',be implemented ,gradually to enable the necessary skills to be built up. 
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ADB (1984) has reported the following problems in connection with the use of small 
contractors on sewerage projects in Indonesia: 
- lack of planning capabilities; 
insufficient site management and quality control; 
limited use of skilled labour; and 
limited financial capacity. 
Several construction problems caused by the physical characteristics of low income sites 
have been reported. Flat sites with average ground slopes of less than one per cent, are reported 
to lead to significant increases in sewer construction costs (JTS 1989). In Libya excavation 
difficulties were reported to be exacerbated by the narrow streets and poor house foundations of 
many of the areas being worked in (Lovatt 1970). The risk of weakening house foundations has 
also been reported as a significant factor in rejecting conventional sewerage in unplanned 
settlements in Brazil (Sinnatamby 1983). Laying sewers in the narrow alleys of some Indonesian 
low income settlements was reported as posing many access and storage problems during 
construction (Atkins and Goeritno undated). 
Azevedo Netto (1989 a) has remarked on the cost and disruption that is involved in installing 
sewers in areas which already possess sealed pavements and roads, as may often be the case in 
the developing world. 
Legal and bureaucratic problems may also hamper construction. It has been reported from 
Indonesia (JTS 1989; ~tkins and Goeritno undated) that "local governments have had difficulties 
in acquiring necessary lands and rights of way". This has led to contract delays and prevented 
sewers from being laid from the lowest point up to the head of the sewer. 
1.5.3.4 Operating problems 
Frequent overflowing of twenty to thirty year old sewers has been reported from Monrovia in 
Liberia (Akowuah 1985) and Khartoum in Sudan (Preston and Cree 1981). In Gaberone in 
Botswana it was reported that nearly all the trunk sewers in a twenty year old scheme "are at full 
capacity or are overloaded" (WASH 1986). In one Kenyan system built in Eldoret in 1960, 
overflowing was also a major problem, caused by increased flows and blockages resulting from 
rags, charcoal and other solid objects getting into the sewers (Patel et al 1977). 
Siltation was observed to be a big problem in the above mentioned Botswanan and Liberian 
systems. The problem of sand used for utensil cleaning entering the sewers and causing 
blockages has been reported from Pakistan (Tayler 1988). From the same co·untry, blockages 
caused by refuse getting into the system because of insecure access point covers have been 
reported by Tayler (1988) and Balfours and EC (1987). Access points filled with refuse are 
reported from Kenya (Kruijff 1980). 
Maintaining secure covers on access points is observed to be a problem in many countries 
(Kruijff 1980; Mann 1988; Tayler 1988; Atkins and Goeritno undated). They tend to be broken 
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and not replaced, prised open in order to dump rubbish, or, particularly if made of cast iron, 
stolen. 
Pickford (1978 a) has commented that there is an increased likelihood of sewer blockages in 
parts of Africa and the Caribbean because hard and bulky solids are often used for anal cleaning. 
Ineffective sewer unblocking practice has been reported to be another common problem 
(Mann 1988). In Eldoret in Kenya the available rodding equipment was considered effective only 
up to fifteen metres, which, since access points were spaced further apart than this, led to sewers 
being repeatedly broken into for clearing purposes and a subsequent increase in ground water 
infiltration into the sewers (patel et al 1977). In Chonburi in Thailand, 25 to 30 metres was the 
maximum distance at which available cleaning equipment was considered effective (AIT and CL 
1988). In Karachi it is reported not only that sewers are incompletely cleared but also that the 
debris which is removed from them is left lying around, sometimes next to an open access point 
(Balfours and EC 1987). More generally, Indonesian sewerage projects have apparently 
encountered institutional difficulties in setting up operation and maintenance organisations (JTS 
1989). 
Neglected supelVision by the operating authorities is also a problem. In Monrovia in Liberia 
it has been reported that "Many of the sewers laid in 1952 had been laid through easements 
behind private properties and not in the streets. Because of very loose implementation of building 
control regulations it had been possible for developers to build on the sewers leading to structural 
collapse in several instances" (Akowuah 1985). 
Aside from the problems of insufficient supelVision, neglected maintenance and system 
misuse there is also the risk that dangerous gases may be generated within sewers. According to 
Pomeroy (1981), high temperatures, sluggish flows, surcharged flows and solid deposition all 
favour the production of hydrogen sulphide in sewers which can endanger maintenance staff, 
create odour problems and lead to the corrosion of concrete and asbestos cement pipes. Sewers 
built of these materials in tropical climates where flows are low, gradients are shallow, or 
pumping stations are employed, would appear to be most at risk. 
Corrosion of concrete sewers has been reported as a problem in Venezuela, partly caused by 
septic tank effluent entering the sewers, but mainly due to sulphide production in rising mains 
(Lansdell1977). From Kenya, Kruijff (1980) has quoted an example of a badly corroded fifteen 
year old concrete sewer. 
1.6 Summary of the options 
In some low income urban settlements on site disposal of all household waste water, and in 
particular sullage, is not possible. The use of open surface channels for sullage disposal has 
health drawbacks since it appears to be difficult to exclude either refuse or excreta from entering 
them; it also increases the amount of public land required for the surface channel network and 
may lead to an increase in the incidence of C. pipiens mosquitoes and further health hazards. 
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Covered channels are more expensive, and in practice they often pose similar health hazards to 
open channels because their covers are prone to breakage and removal. 
Conventional sewerage has very high capital costs and uses large quantities of water for 
flushing; in developing countries it has been associated with low overall coverage figures, low 
connection rates, and construction inadequacies. Blockages and overflows result from the entry 
of silt, sand and refuse through access points and on plot parts of the system. Operating problems 
have been compounded by ineffective or non-existent maintenance and supervision of systems by 
the operating authorities. 
1.7 Non conventional sewerage (NCS) 
In order to overcome the problems associated with conventional sewerage, while at the same 
time retaining the advantage of combined excreta and sullage disposal in buried pipes, a number 
of proposals have been put forward as modifications of conventional sewerage, some of which 
have been implemented. 
These proposals have gone under a variety of names, and since no single description has yet 
gained universal acceptance this study will refer to them collectively as non conventional 
sewerage (NCS) systems. 
1.8 Thesis plan 
The remainder of this thesis is based upon a desk study of NCS in developing countries. 
Chapter 2 examines the design of such systems in order to find out how they differ from 
conventional sewerage and from one another. The following Chapter looks at the implementation, 
operation and financing of NCS systems. The fourth chapter attempts to evaluate the functioning, 
utilization, impact and cost of the different NCS systems. The final chapter draws conclusions 
about the technical design of NCS and about how successful NCS systems have been in 
overcoming the drawbacks of conventional sewerage. Gaps in the available information and areas 
where research is needed are indicated. 
1.9 Review of the collected data 
A search was made of the available literature, and people and institutions thought likely to 
possess relevant information were contacted. The data obtained may be divided into the 
following broad categories: 
. general works of NCS guidelines based on experience gained during the implementation of 
systems in one or more countries; 
- works related to specific countries, regions or sites, some of which are proposals, others of 
which refer to implemented systems; and 
- personal communications. 
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Table 1.7 presents a list of the implemented NCS systems about which information has been 
obtained during this study. Table 1.8 lists the design guidelines and the proposals for specific 
sites which have featured NCS. The first column of each table contains the shorthand form by 
which the different systems and design proposals will be referred to in subsequent tables. 
Table 1.7 Outline infonnaoon on implemented NCS systems 
Date Location and scale Remarks System 
Zarnbia/Lusaka c. 1%0 1258 toilet blocks in Matero and All households have 
Chilenje in Lusaka an interceptor tank 
Zambia/Ndola c. 1960 863 toilet blocks in Kabushi 
in Ndola 
Nigeria/New 
Bussa 
1%5 t01%8 256 toilet blocks in New 
Bussa in Kwara State 
BrazilIRio Grande 1981 to date 
do Norte (RGN) 
12 towns, including Natal and 
Parelhas, partially served 
in Rio Grande do Norte State 
All households have 
an interceptor tank 
All households have 
an interceptor tank 
No interceptor tanks 
Reference 
Vincent et 311961 
NHA1979 
Vincent et 311961 
NHA1979 
Iwugo et al 1978 a 
Otis and Mara 1985 
CAERN 1987 
Azevedo Netto 
undated a 
Pakistan/Orangi 1981 to date 2930 lanes in Orangi . Some households have Hasan 1986 
Pilot Project (DPP) Town in Karachi an interceptor tank OPP 1989 
Brazil/Sao Paula 1981 to date 50 towns in Sao Paula State No interceptor tanks 
Columbial 
Cartagena 
Brazil/Recife 
1982 
1982 
partially served 
10 households in Pascaballos and All households have 
La Zono Suroriental in Cartagena an interceptor tank 
32 households in Ibura in Recife All households have 
an interceptor tank 
BrazillPetrolina 1983 to date 265 blocks of houses in No interceptor tanks 
Pakistani 1985 
Community 
Development 
Project (COP) 
Pakistan/UNICEF 1985 
Brazil! 1986 
Rio de Janeiro 
Brazil/Brotas 1987 
BrazillCuiaba 1987 
Costa Rical 1989 
San Jose 
Notes. 
Petrolina in Pernambuco State 
408 households if! Orangi 
Town in Karachi 
2 streets in Baldia in Karachi 
530 plots in Baixada Fluminense 
in Rio de Janeiro State 
1000 people in Brota$ in . 
Ceara State 
8000 households in Cuiaba 
in Mato Grosso State 
491 plots in La Jenny and 
La Eulalia in San Jose 
. -_.- _. --
No interceptor tanks 
All households have 
an interceptor tank 
and leachpit 
No interceptor tanks 
... All households have 
an interceptor tank 
No interceptor tanks 
All households have 
an interceptor tank 
Azevedo Netto 
1989 a 
Rizo Pombo 1984 
Greenhalgh 1984 
Azevedo Netto 
undated a 
McGarry 1985 
UNCHS 1986 
Balfours and EC 1987 
ASsis and Barros 1985 
Cynamon and 
Dauer1987 
Azevedo Netto 1989 a 
Rondon 1989 
Wray 1989 
_. ------ -------
1. There are reports (Azevedo Netto undated b and c) of interceptor, tank NCS systems in'Turkey, some South· Pacific: 
islands, Matanzas in Cuba, and Victoria and Joinvile in Brazil;' further, details have not:been obtained .. 
2. There are reports (Azevedo Netto 1988;-Wright 1988; Azevedo Netto undated a) of.NCS systems without-;· l'.. t~ 
interceptor;tanks_ in"_OruTO,and El Alto,in B~livia, 'ang. in, the States <;If. Ceara,- Paraiba; Minas Germs, Alagoas and 
Sergipe'in,Brazil;-further information has not been obtained. ... - . 
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Table 1.l1 NCS guidelines aDd feasibility studic:s 
System Location and scale Remarks Reference 
Guidelines NA Interceptor tanks proposed Otis and Mara 1985 
Guidelines NA Interceptor tanks proposed Easson et aJ 1988 
Guidelines NA No interceptor tanks UNCHS 1986 
Guidelines NA No interceptor tanks MDU/PNUD 1986 
ChadIN'Djamena All of N'Djamena Interceptor tanks proposed Black and Veatch 1975 
Ethiopia/Addis Ababa 65 houses in Addis Ababa Interoeptor tanks proposed Hailul988 
Egypt/Ca iro El Mounid and Boulac 
El Dakrour in Cairo 
Interceptor tanks pro~ Warner et 31 1982 
Nigeria/Lagos 11500 plots in Lagos Interceptor tanks proposed Hansen and Therkelsen 1978 
Kenya/general All si les and services 
schemes in Kenya 
Interceptor tanks proposed Kruijff 1980 
Botswana/general All self-help housing Interceptor tanks proIXlSed WASH 1986 
in Botswana 
West Bankl 6000 people in Interceptor tanks proposed Fadayel1986 
Dheisheh Dheisheh refugee camp 
Nigeria/Lagos Apapa in Lagos Interceptor tanks proposed Wall 1958 
Indonesia/general Series of pilot projects 
in various cities 
Interceptor tanks proposed ITS 1989 
Indonesia/general Series of pilot projects No interceptor tanks ITS 1989 
in various cities 
Thailand/Chonburi 106 000 people Interceptor tanks proposed AIT and CL 1988 
in Chonburi 
Pakistan/Balfours All unplanned 
Karachi settlements 
Interceptor tanks proposed Balfours and EC 1987 
Brazil/Rio Grande 5 districts of Capao de No interceptor tanks Santosand Gazen 1987 
do Sui (RGS) Canoa in Rio Grande 
do Sui State 
Brazil/not known A "small town" of 
of 10800 people 
Interceptor tanks proposed Lauria 1981 
Caymans/Georgetown All of Georgetown Interceptor tanks proposed Cowater 1986 
St LucialAnse-la-Raye 2500 people in Communal sanitation blocks with Cowater 1989 
Anse-Ia-Raye interceptor tanks proposed 
Note. 
1. NA : not applicable 
Several points are worth making at the outset. Firstly it is clear that only in parts of Brazil 
and in the city of Karachi is NCS currently being implemented on anything other than an 
experimental scale. 
Secondly, a significant amount of the literature is in the form of unimplemented proposals, 
and much of the rest relates to experimental and pilot scale schemes, some of which are very 
small indeed. 
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Finally. a substantial amount of infonnation has been published about NCS systems in 
Australia and the U.S.A. Since this thesis is concerned with developing countries. this 
infonnation is not included in the main body of the text; it may be found in Appendix A. 
1.10 Categorization and terminology of NCS systems 
It is possible to divide the NCS designs reported in the literature into two broad categories. 
according to whether or not they incorporate interceptor tanks or leachpits into which all excreta 
and sullage is passed before entering the sewer pipe network (Figure lA). Systems which include 
such tanks have been written about under the following titles: 
- small bore sewers (Otis and Mara 1985; AIT and CL 1988; and others); 
- small bore shallow sewerage (Balfours and EC 1987); 
- sewered aqua privies (NHA 1979); 
- small diameter variable grade gravity sewers (Simmons and Newman 1984); 
- small diameter gravity sewers (Otis 1983); 
- septic tank effluent drains (Otis and Siriotak 1987); 
- common effluent drainage (SAHC 1986; Binnies 1988); 
- modified drainage (Barrett 1984); 
- sewerage without solids transport (Rizo Pombo 1984); and 
- solids free sewerage (Cowater 1989). 
In this study all the above designs will be referred to as interceptor tank NCS systems. 
Water cistern 
- latrine superstnJ::.:.:te 
Connecting drain 
," 
Access 
caver 
I 
Scum 
Ou~el ba.'lle 
\ 
Inle: battle ,;"""~ _____ I:l-.._<I-{j 
, 
t 
Figure lA A sewered interceptor tank 
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To sewerage system 
The terminology used to describe NCS designs without interceptor tanks is as follows: 
- shallow sewerage (McGarry 1985; UNCHS 1986); 
- back service sewerage (Sinnatamby 1983); 
- condominial sewerage (CAERN 1987); 
- simplified sewerage (MDU/PNUD 1986); and 
- simplified or modified sewerage (Azevedo Netto 1989 a); and 
- non conventional sewerage (Santos and Gazen 1987). 
In this study all such systems will be referred to as solids tmnsponing NCS systems. 
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2. NCS design 
2.1 General 
2.1.1 Introdnction 
This chapter analyses the technical design of non conventional sewerage (NCS) in 
developing countries. It aims: 
to identify how it differs from conventional sewerage design; 
to examine the reasons for such differences; and 
- to discuss the operational and cost implications of the design differences. 
In order to do this, sources relating to the design of conventional sewerage in a number of 
developing countries (Appendix B) were consulted. A comprehensive analysis of the literature on 
conventional sewerage was beyond the scope of this study; instead the sources were used to 
arrive at an idea of the range of specifications and practices which the term "conventional 
sewerage" has encompassed. 
As may be seen from Table 2.1, conventional sewerage speCifications vary considerably; 
sometimes they do so even within the same country. Kruijff (1983) for example has remarked 
that in Indonesia "design standards differ considerably depending on the consultants employed". 
2.1.2 Format of chapter 
After a general discussion of some of the factors which affect sewerage costs and a section on 
waste water treatment, the following aspects of sewerage design are analysed: 
the extent to which pumping stations and trunk sewers are used; 
the admission of stormwater; 
the usage of interceptor tanks and sullage traps; 
collector sewer layouts; 
the amount of water used for flushing toilets; 
specified minimum diameters, slopes and velocities; 
peak flow factors and infiltration and inflow allowances; 
specified maximum flow depths; 
specified minimum cover depths; and 
the design and provision of access points. 
For each area of design the range in conventional sewerage practice is outlined. Next, the 
values and practices used in NCS designs are presented with, where relevant, a distinction being 
drawn between interceptor tank and solids transporting systems. The differences between the 
conventional and the NCS approaches are discussed, together with their likely implications for 
cost, operation, and health and environmental benefits. 
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Table 2..1 "The nmge iD COD ... Dtiooal .... erage design pcactice iD dnelopiDg coootries 
Specification Most Site Reference Least Site Reference 
conservative conservative 
value value 
Minimum 1 in 40 India CPHEEO 1980 1 in lOO Indonesia Atkins and 
house sewer Egypt Cui pin et Goeri mo undated 
gradient all978 Zimbabwe Milne 1983 
Minimum 1 in 60 Egypt Culpin et 1 in 200 Zimbabwe Milne 1983 
collector (15Omm pipes) 
sewer gradient 
all978 (150mm pipes) 
Minimum 1.0 Yemen Jackson 1979 0.5 Brazil ABNT 1986 
velocity (m!s) Pakistan BKH undated 
Thailand A1T and CL 1988 
Minimum 150 India CPHEEO 1980 lOO Kenya and GOK 1973 
house sewer Libya Archer 1977 many others 
diameter (mm) Nigeria Holfelder and 
GKW 1978 
Minimum 225 Kenya GOK 1973 lOO Zimbabwe Milne 1983 
collector sewer Malaysia ESKK 1981 
diameter (mm) Pakistan BKH undated 
Minimum cover 
a) SUbject to 1.5 Thailand A1Tand CL 0.8 Zimbabwe Milne 1983 
traffic loads (m) 1988 
b) Not subject to 0.65 Indonesia Atkins and 03 Zimbabwe Milne 1983 
traffic loads (m) Goeritno 
Minimum 1.22 x 1.22 Pakistan BKH undated Diameter 0.675 Zimbabwe Milne 1983 
inspection Diameter: 1.2 Malaysia ESKK 1981 
chamber size Venezuela Lansdel! 1977 
(m) 
Maximum 25 Thailand A1Tand CL lOO Indonesia Atkins and 
inspection 1988 Goeritno undated 
chamber Venezuela Lansdell1977 
spacing (m) Malaysia ESKK 1981 
Maximum flow 0.5xD India CPHEEO 1980 0.75 x D Brazil ABNT 1986 
depth (D = pi pe 
diameter) 
Peak flow factor 6.0 Libya Archer 1977 1.8 Brazil ABNT 1986 
Note. 
1. Minimum cover is specified with reference to soffit of pipe. 
2.2 Sewerage costs 
Since the high cost of conventional sewerage is one of its most serious drawbacks (Section 
1.5.3.1), the attempt to reduce costs is common to all forms of NCS. Information on the cost 
savings achieved by specific design changes (such as using smaller pipes) will be presented in the 
appropriate sections of this chapter. The aim of this section is to mention some of the factors 
other than technical design which influence the cost of sewerage for a particular site. 
The local supply conditions of the materials necessary to build a sewerage system are of 
fundamental importance to the cost of the system. For example, if sewer pipes need either to be 
imported or transported a considerable distance within the country, sewerage costs are likely to 
be considerably higher than if suitable pipes are made locally. 
The efficiency of construction contract awarding procedures is also important. If they are 
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inefficient, a substantial proponion of total investment costs may be accounted for by the profits 
of contractors (Khan 1990). 
The effect on sewerage system costs which topographical and ground conditions may have is 
indicated in Table 2.2. 
Table 2.2 Ell"cct of topography and ground amdilioos on the relative cads of _rage systems 
Ground 
Good and firm 
Requiring close timber 
Waterlogged 
Rock to half depth 
Source: Oakiey and Goode (1971) 
Good gradients 
1.0 
1.6 
1.9 
25 
Flat land 
1.4 
2.5 
3.2 
4.0 
The most imponant influence on sewer network layouts is the site layout, that is the size and 
shape of plots and the size and position of roads and other forms of access. If sewerage costs are 
to be reduced therefore, it is vitally imponant that site layouts are designed so that service pipe 
lengths are minimized (Davidson and Payne 1983). 
Coordinating sewerage construction with the installation of water mains, pavements or roads 
can lead to a sharing of break up, excavation and reinstatement costs between the services and 
thus lower the cost of the sewerage system compared to what it would have been if it was 
implemented on its own (LDP 1989). 
Finally, population density is a very important determinant of sewerage costs; the cost in 
terms of the cost per person or per household served decreases as population densities increase. 
AIT and CL (1988) have reponed that for different parts of the city of Chonburi in Thailand the 
household cost of sewerage differed by up to a factor of ten depending on the population density. 
Sinnatamby (1983) has demonstrated the the variation in per capita sewerage costs for different 
population densities in the city of Natal in Brazil (Figure 2.1). 
2.3 NCS treatment provision 
Tables 2.3 and 2.4 summarize the levels of treatment provided in NCS systems. As the two 
tables show, waste stabilization ponds are the most common option. Several systems, however, 
provide a lower, anaerobic standard of treatment using communal interceptor tanks, anaerobic 
biological filters or upflow anaerobic sludge blanket reactors (UASBs; Figure 2.2). 
Small-scale interceptor tank NCS systems in Columbia and Brazil provide no treatment apart 
from that which takes place in the on plot interceptor tanks (Section 2.5). This practice is 
widespread in NCS systems in Karachi in Pa~tan. In Karachi, moreover, the interceptor tanks 
used are of such small size (Table 2.5; Section 2.5.5.2) that the treatment they provide is 
minimal. Some solids transponing NCS systems in the Brazilian States of Rio Grande do Norte 
and Rio de Janeiro also provide no treatment. 
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UNCHS (1986) guidelines suggest that NCS systems may in some cases be able to make use 
of pre-existing conventional sewerage treatment facilities. Part of the waste water from an NCS 
system in Cuiaba in Brazil was designed to be treated in this manner (Rondon 1989). 
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Figure 2.1 Cost of sewerage per household for different sites in Natal in Brazil (Source: adapted 
from Sinnatamby 1983) 
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Table 2.3 Jnta"aptor tank NCS lreabneot provision 
System 
Guidelines 
Guidelines 
ZambiaILusaka 
Zambia/Ndola 
Nigeria! 
New Bussa 
Pakistan/OPP 
Brazil/Recife 
BrazilIBrotas 
Columbia/ 
Cartagena 
Pakistan/ 
UNICEF 
Thailand/Chonburi 
Caymans/ 
George Town 
St Lucia/ 
Anse-Ia-Raye 
PakistanIBalfours 
Nigeria/lagos 
Chad/N'Djamena 
Kenya/general 
Indonesia/general 
Brazil/not known 
Notes. 
Off-site treatment provision 
Waste stabilization ponds 
Waste stabilization ponds 
Waste stabilization ponds 
Communal interceptor tanks with a soil seepage system; 
and a "conventional" treatment plant 
Facultative waste stabilization ponds 
None; sewers discharge to open surface channels 
None; sewers discharge to an open surface channel 
Anaerobic biological filters 
None; sewers discharge to open surface channels 
None; sewers discharge to open surface channels 
Waste stabilization ponds 
Waste stabilization ponds 
Facultative waste stabilization pond 
N one; sewers discharge to open surface channels 
Facultative waste stabiJization ponds 
Waste stabilization ponds 
Waste stabilization ponds 
UASBs and Imboff tanks 
Waste stabilization ponds 
1. UASB = upflow anaerobic sludge blanket reactors 
Reference 
Otis and Mara 1985 
Easson et al 1988 
Vincent et al 1961 
Otis and Mara 1985 
NHA 1979 
Feacbem et al 1979 
Iwugo et al 1978 a 
Abbott 1985 
Greenbalgb 1984 
Cynamon "and Dauer 1987 
Rizo Pombo 1984 
Balfours and EC 1987 
AlT and CL 1988 
Cowater 1986 
Cowater 1989 
Bal fours and EC 1987 
Hansen and 
Therkelsen 1978 
Black and Veatcb 1975 
Kruijff 1980 
JTS 1989 
louria 1981 
2. Unless otherwise stated waste stabilization pond systems include both facultative and maturation ponds. 
Providing only anaerobic treatment, or not providing any treatment at all saves money_ 
Kalbermatten et al (1982 a) reported that the cost of treatment for five conventional sewerage 
systems in Sudan, Nicaragua, Zambia, Malaysia and Botswana ranged from 4 per cent of the total 
costs of the system (where waste stabilization ponds were used) up to 47 per cent in cases where 
activated sludge or trickling filter systems were adopted_ 
In return for the cost savings, some health and environmental benefits are lost (Table 1.1; 
Section 1.1.3); the effluent from anaerobic treatment options such as UASBs, anaerobic 
biological filters and interceptor tanks may contain substantial numbers of pathogens and thus 
remain dangerous_ 
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Table 2--' Solids transporting ~CS treatment provision 
System Treatment provision Reference 
Guidelines Waste stabilization ponds; or communal interceptor tanks UNCHS 1986 
and soil seepage systems 
Guidelines Waste stabiIization ponds; or camnumal interceptor tanks; MDU/PNUD 1986 
or VASBs 
BrazillSao Paula Anaerobic biological filters; or UASBs; or waste Azevedo Netto 1989 b 
stabili:z.ation IXlnds 
Pakistan/COP Communal interceptor tank discharging to open surface charmel McGarry 1985 
BrazillCuiaba Communal interceptor tanks discharging to open surface channels; Rondon 1989 
and waste stabilization ponds; 
Brazil/RGN Communal interceptor tanks discharging to open surface channels; CAERN 1987 
or waste stabilization ponds; or none UNCHS 1986 
Brazil/ None Assis and Barros 1985 
Rio de Janeiro 
Indonesia/general VASBs and Imhoff tanks ITS 1989 
Notes. 
1. UASB = upnow anaerobic sludge blanket reactor 
2. Unless otherwise stated waste stabilization pond systems include both facultative and maturation ponds. 
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DIGESTOR LIQUID FLOW INFLUENT 
Figure 2.2 Schematic of an upflow anaerobic sludge blariket'reaCtor,(Sourte: adaptetHrom SOuZa 
1986) 
2.4 Stormwater admission, trunk sewers and pumping stations 
2.4.1 Introduction 
This section considers how sewerage systems may vary according to: 
whether or not storm water is allowed to enter them; and 
the extent to which trunk sewers and pumping stations are provided and the number of outfalls 
in the system. 
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One of the first design decisions which needs to be taken is whether or not to admit rainfall 
run off into the sewers. If rainfall is admitted, the system is known as combined sewerage. If 
rainfall is excluded, it is described as a system of separate sanitary (or foul) sewers. 
A sewerage scheme may be designed as a series of self contained local networks, each 
perhaps serving a separate drainage basin; at the other extreme, it may be decided to design a 
centralized system which drains the waste water from a number of drainage basins to a single 
outfall some distance away from any populated areas. The latter approach will require the 
provision of more trunk sewers in order to intercept the sewage flows from the various basins and 
transport them to the outfall; it will also require more pumping stations. A schematic 
representation of the two approaches is presented in Figure 2.3. 
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Figure 2.3 Schematic representation of centralized and decentralized sewerage systems 
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2.4.2 Conventional practice 
Of all the conventional design proposals studied, only in the case of Ismailia in Egypt was a 
combined sewer system recommended, the decision.beingjustified on the grounds that average 
annual rainfall was only 38 mm (Culpin et aI1978). 
Most sources advocated fairly centralized networks involving the use of pumping stations 
and trunk sewers to transport sewage to the point of outfall. However, there were exceptions. One 
general work (Oakley and Goode 1971) recommended the construction of local sewerage 
systems, to be built piecemeal for ultimate linking up into a centralized scheme when finances 
permitted. 
The initial construction of local collection networks was also proposed for Kano in Nigeria 
(Holfelder and GKW 1978) and for cities in Indonesia (ADB 1984; JTS 1989). It was argued 
(Holfelder and GKW 1978) that "The problems caused by the absence of main sewers and 
treatment plants in Kano are not as serious as those caused by the absence of secondary sewer 
systems", and that, "Since first priority has been given to the subsidiary sewerage in order to 
. improve the sanitary conditions of the people in the roads where they live, main sewer 
construction has to be postpOned." 
2.4.3 NCS systems 
While all designs were intended to be separate systems, the extent to which pumping and 
trunk sewers were provided has varied widely. S~me NCS systems, such as those in Lusaka and 
Ndola in Zambia (Otis and Mara 1985), Chonburi in Thailand (AIT and CL 1988) and 
Georgetown in the Cayman Islands (Cowater 1986) for example, make use of pumping stations 
and trunk interceptor sewers to transport waste water to a centralized treatment plant. 
A larger number of sources (UNCHS 1986; CAERN 1987; Rondon 1989; MDU/PNUD 
1986; Balfours and EC 1987), however, advocated a decentralized approach to design and the 
avoidance where possible of pumping and trunk interceptors. This has been the case in the most 
widely utilized NCS systems, those in Karachi in Pakistan and various Brazilian States. 
The decentralized approach has reached its extreme in the case of the Orangi Pilot Project 
(OPP) NCS system in Karachi where sewers serving a single street have been laid for later 
connection to larger collector sewers. This approach is largely a result of the social and political 
circumstances in which the project was implemented (Sections 3.2 and 3.3).lt was made possible 
by the topography of Orangi, which for the most part has good slopes as well as an extensive and 
well-defined network of natural water courses and open surface channels for the collector sewers 
to discharge into (Abbolt and Lumbers 1985). 
Similar to the way in which pre-existing treatment facilities may be made use of (Section 
2.3), several sources have reported or recommended the connection of NCS collector sewers to 
the pre-existing trunk sewers of a conventional network (Rizo Pombo 1984; UNCHS 1986; 
MDU/PNUD 1986; Otis and Mara 1985). 
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The final point to make is that some NCS systems are inevitably localized, since they have 
only been implemented on a pilot scale (Table 1.7) and have thus had no need of pumping 
stations or intercepting trunk sewers. 
2.4.4 Discussion 
Separate sewerage is the norm in both conventional and NCS design. Localized sewerage 
systems designed to minimize pumping stations and trunk sewers are more common in NCS 
designs than in conventional practice but are not unheard of in the latter. The really unusual 
design is that of the OPP system in Pakistan where collector sewers serving only one or a small 
number of lanes have been constructed. 
The advantage of a localized network is that it will reduce the need for pumping facilities and 
trunk sewers and therefore reduce overall construction costs. On the other hand, the treatment 
plants in a l~calized design are likely to l)~ c.1.Qsf!.r~ ~Q reo pit,s: .h<?us~s and, in .l!1a!)y .pe9ples' ~yes., 
adversely affect their environment. It has also been remarked (ESKK 1981) that "the practical 
difficulties of operating and maintaining a large number of small local systems cannot be 
overemphasised". Finally, in cases where treatment is not provided (Tables 2.3 and 2.4), such as 
the OPP system for example, a localized design is likely to endanger the health and worsen the 
environment of a greater number of people than a centralized design, since the former implies a 
greater number of outfall points. It also requires that the site has the necessary topography to 
provide natural drainage at the outfall points. 
2.S Interceptor tanks and sullage traps 
2.5.1 Introdnction 
As defined in this study, an interceptor tank receives either excreta only or both excreta and 
sullage. A sullage trap receives only sullage. In sewer systems interceptor tanks and sullage traps 
are designed to reduce the amount of solids entering the pipe network. The effectiveness of a tank 
or a trap depends on how quiescent conditions within it are, and on the hydraulic retention time 
which it provides. Although the main purpose of tanks and traps is to reduce the chances of 
blockages occurring in the sewers, they also provide some degree of anaerobic treatment to the 
waste water they receive. 
Tanks or traps may be designed to serve either individual households or groups of 
households. They may be built on either private or public property. 
2.5.2 Conventional practice 
There were no interceptor tanks in any of the conventional designs. A SUllage trap was 
included in only one design (BKH undated) but no details or drawings of it were provided. 
Kruijff (1980) has reported that sullage traps are used in conventional systems in Kenya. 
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2.5.3 Interceptor tank NCS 
The use of interceptor tanks is of course the defining feature of this type of NCS. Table 2.5 
shows thc wide range in tank specifications, In most instances the interceptor tank is designed to 
receive sullage as well as excreta, However, two designs had sullage traps in addition to 
interceptor tanks, For Anse·la·Raye in St Lucia the traps were designed for use with communal 
toilet, bathing and laundary blocks (Cowater 1989), A design proposal for Karachi (Balfours and 
EC 1987) had a 12 litre sullage trap in addition to an interceptor tank for each household (Figure 
2.4), 
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Figure 2.4 Household interceptor tank and sullage trap proposed for use in low income 
settlemenL, in Karachi (Source: Balfours and EC 1987) 
32 
Hasan (1986) has reported that the size and design of the OPP tank was determined by its 
cost to the user; it had to be small enough for users to be able and willing to pay for it. 
Only the tank proposed for St Lucia was designed for use with communal latrines. Tanks in 
Zambia, Nigeria and Kenya were shared either by members of an extended family group or by 
several households living on adjoining plots, each of which had a separate latrine. 
In all cases apart from the communal sanitation block system proposed for St Lucia it was 
recommended that the interceptor tank should be constructed on private property. 
Table 2.5 InteraptortaDks used in NCS systems 
System Size Number of Waste water Minimum Oesludging Reference 
(litres) user.; inflow (I.c.d.) hydraulic interval 
retention 
time (hour.;) 
(months) 
ZambiaILusaka 5850 24 27 to 114 17 to 72 49 Vincent et al 1961 
(Matero) Iwugo et al 1978 b 
ZambiaILusaka 1600 6 27 to 114 19 to 79 53 Vincent et a11961 
(Chilenje) Iwugo et aI 1978 b 
ZambiaINdola 250 6 210 2 8 Iwugo et al 1978 b 
Nigerial 2500 20 NK NK 25 Iwugo et al 1978 a 
New Bussa 
Pakistan/OPP 265 9 29 to 37 6 to 8 6 OPP 1983 
(water Balfours and 
consumption) EC 1987 
Columbiaj 940 6.8 115 to 135 8 to 10 28 Rizo fornix> 1984 
Cartagena 
Hrazil/Recife 1320 6 NK NK 44 Greenhalgh 1984 
Pakistan/Balfour.; 120 9 28 to 40 21 3 BalfouTs and 
(water EC 1987 
consumption) 
Chad/N·Ojamena 1100 10 75 12 22 Black and 
Veatch 1975 
Kenya/general 5000 36 24 to 32 35 to 46 28 Kruijff 1980 
Nigeria/Lagos 4500 12 to 40 105 910 29 23 to 75 Hansen and 
Therkelsen 1978 
St Lucia/ 33000 500 23 23 13 Cowater 1989 
Anse-Ia-Raye 
Notes. 
1. NK = not known/not specified 
2. Minimum hydraulic retention times and desJudging intervals calculated assuming that sludge accumulates at a rate 
3. 
of 40 litres per person a year and that the tank is dcsludged when it is two thirds full of sludge (Easson et al 1988). 
Minimum retention time for PakistantBalfours system calculated on the assumption that 5I.c.d. used for flushing 
and anal cleaning. 
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2.5.4 Solids transporting NCS 
Many of these systems incorporate a small sullage trap. especially for kitchen wastes. 
UNCHS (1986) has stated that such traps are advisable in al\ schemes and essential in areas 
where watcr consumption is low (25 to 30 litres per person a day) or where sand and other inert 
solids are used for utensil cleaning. The same souree recommended that traps be sited as close as 
possible to the point of discharge from the kitchen and suggested brick or plastic as suitable 
construction materials. In the Pakistan/CDP pilot project in Karachi traps were made of concrete 
(McGarry 1985). 
Infonnation about the size of sullage traps is scarce. UNCHS (1986) has stated that they 
should provide "conditions which are quiescent enough to allow the grease to rise and the grit to 
settle"; the retention time required to ensure this is not specified. Some unsealed drawings of a 
design recommended by UNCHS (1986) are shown below (Figure 2.5). 
In Rio Grande do Norte in Brazil a trap of 4 litres is specified in the operation booklets 
provided to users by the State water company (CAERN undated a). 
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Figure 2.5 Household sullage trJp (Source: adapted from UNCHS 1986) 
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2.5.5 Discussion 
In this area of design there are major differences between NCS and conventional practice. 
Conventional designs OIily have sullage traps and then only very rarely, whereas an interceptor 
tank or a sullage trap is employed in nearly all NCS designs. There is however a tremendous 
variation in design between different NCS systems. The biggest difference is between those 
designs which have an interceptor tank for all waste water and those with only a small trap for 
sullage. These differences have cost, operational, health and environmental implications. Many 
of these implications vary according to the size of the tank or trap. 
2.5.5.1 Cost implicatioDS 
Tanks and traps will, unless pre-existing ones used in an on site system can be made use of, 
add to the cost of the sewerage system. Since the size of tanks and traps used in NCS designs 
varies widely, there is likely to be a similarly wide variation in their cost. The sullage traps used 
in NCS systems appear to be significantly smaller than interceptor tanks. Information found 
concerning the cost of interceptor tanks and sullage traps as well as their proportion of total costs 
is contained in Table 2.6. As Table 2.6 demonstrates interceptor tanks can account for nearly 40 
per cent of total construction costs. 
The reason for the wide variation in the cost of the sullage traps in the PakistanfBalfours and 
Pakistan/CDP systems is not known. Both systems were designed for Karachi and in both cases a 
concrete trap was used. The rate of inflation in Pakistan in the period between the two estimates 
is insufficient to account for the price difference. The size of the CDP trap, however, is not 
known and it is possible it was smaller than the 12 litre Balfours trap. 
Table 1.6 ~ oosI of interceptor tanks and sullage InIps used in NCS systems 
System Tank or trap CosI ProPJrtion of Reference 
total construction 
costs (%) 
Nigeria/New Bussa Interceptor tank 25 Nigerian pounds (1964 
values) per rank 
9 Iwugo el al 1978 a 
Brazil/Brolas Interceptor tank 20 US dollars (1988 val ues) 26 Azevedo Netto 
per capita 1989 a 
Thailand/Chonburi Interceptor tank 272 bahl (1988 values) 12 AIT and CL 1988 
per capita 
Pakistan/DPP Interceptor tank 200 rupees (1984 values) 22 Khan 1984 a 
per household 
PakistanIBalfours Interceptor tank 347 rupees (1987 values) 37 Balfours and 
per household EC 1987 
Pakistan/BaJ fours Sullage trap 96 rupees (1987 values) 10 Balfours and 
per h~usehold EC 1987 
Pakistan/CDP SUllage trap 9 rupees (1985 values) 1 McGarry 1985 
per household 
Note 
1. In the case of the Thailand/Chonburi system and the DPP and Balfours systems in Pakistan, total costs do not 
i ncl ude treatment costs 
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The cost per person served of an interceptor tank can be reduced if it is designed to serve 
more than one household (Kreissl 1984; Binnies 1988). A ten household tank in Recife in Brazil 
has been reported to cost 40 per cent less than the equivalent number of individual household 
tanks (Greenhalgh 1984). Figure 2.6 shows the economies of using communal interceptor tanks 
in Natal in Brazil. Designs used in Zambia, Kenya and St Lucia have made some use of such 
economies of scale (Table 2.5). 
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Figure 2.6 Economies of scale obtained by using communal interceptor tanks (Source: adapted 
from Sinnatamby 1983) 
Interceptor tanks can reduce the cost of the sewer network by enabling pipe sizes and slopes 
to be reduced (Section 2.8.3). The extent to which this can be done depends on the extent to 
which solids are retained and prevented from entering the sewer network. For tanks receiving 
both excreta and sullage it has been recommended (Easson et al 1988) that 8 hours is a sufficient 
retention time to justify the use of 50mm collector sewers and inflective gradients (Section 2.8.3). 
This should be the minimum retention time just prior to the tank's desludging. 
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Some NCS designs do not provide this amount of retention time (fable 2.5). The tank used at 
Ndola in Zambia appears to be too small to prevent any but the grossest solids from entering the 
sewers. The OPP tank in Karachi, while offering reasonable~etention times in theory, is reported 
in practice (Abbot! and Lumbers 1985) to be "very sensitive to inflow generated turbulence ... 
created by the frequently observed free fall of inflow wastes [a result of incorrect tank 
construction), single inflow events of 1 to 4 buckets (9 to 36 litres) on occasions and infrequent 
suspected storm inflow from household courtyard areas." It was concluded (Abbott 1985), 
therefore, that the tank only retained gross and heavy solids. Systems such as these would appear 
to be unlikely to be able to use relaxed slopes and pipe diameters; the OPP system indeed does 
not do so (Section 2.8.3; Table 2.7). 
Treatment costs may also be reduced if interceptor tanks are used because, as stated by Otis 
(1983), "Screening, grit removal and sometimes primary sedimentation can be eliminated from 
the treatment works since these unit processes are performed by the individual septic tanks." Otis 
and Mara (1985) have reported that in warm climates tanks with hydraulic retention times of 12 
to 24 hours are likely to achieve BOD5 and faecal coliform reductions of 60 and 90 per cent 
respectively. In Anse'la-Raye in St Lucia, the adoption of an interceptor tank NCS design instead 
of conventional sewerage reduced the construction cost of waste stabilization pond treatment by 
16 per cent (Cowater 1989). 
In summary, interceptor tanks can reduce sewer network and treatment costs. On the other 
hand, the cost of their construction offsets and may possibly even outweigh the savings. Sullage 
traps are a less significant cost item because they are smaller. They are not built in order to 
reduce sewer line and treatment plant costs, but are installed in order to n:duce blockages. 
2.5.5.2 Other implkatioDS 
Interceptor tanks and sullage traps must be emptied periodically. Their accumulated solids 
need to be safely disposed of. Since interceptor tanks receive excreta, their contents are 
particularly hazardous to health. If, as is usually the case (Section 2.5.3), tanks are on private 
property, it may be difficult for the authorities responsible for the operation of the sewerage 
system to supervise desludging and sludge disposal. 
If one householder neglects desludging, the adverse consequences resulting from a carry-over 
of solids from the tank into the sewer network may be experienced by many other users. Clearing 
the sewer line will not resolve such a problem since blockages will recur until the overloaded 
interceptor tank is located and action taken to desludge it. 
Easson et al (1988) have recommended a desludging interval of 3 to 5 years. The majority of 
NCS tanks have a shorter desludging interval than 36 months, while the Zambia/Ndola, 
Pakistan/OPP and Pakistan!Balfours designs would appear to need emptying one or more times 
per year (fable 2.5). The last mentioned design has, however, stated that its interceptor tank need 
never be emptied (Balfours and EC 1987). It was asserted that: "Even when effectively full of 
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sludge, providing large solids did not escape, there should be no need to empty the septic tank" 
(Balfours and EC 1987). This is based on the belief that in areas where water is used for anal 
cleaning an interceptor tank need only ensure the panial breakdown of faecal solids. The liquified 
solids so produced would be carried out with the tank effluent and transponed in the sewer lines. 
The interceptor tanks used in the Brotas system in Brazil have a small sludge drying bed 
attached to them to which sludge from the tank can be transferred through a pipe by means of 
hydrostatic pressure (Cynamon and Dauer 1987). After it has dried, the sludge has to be removed 
and disposed of by the user. The advantage of such a design is that dried sludge is less unpleasant 
than fresh sludge. Moreover, if the sludge were allowed to dry for a year before being removed, 
all pathogens (apan from some helminth eggs) should have died off. 
The effluent from interceptor tanks will be anaerobic. There is therefore a risk of hydrogen 
sulphide generation occurring in the sewer network with the attendant operating problems 
(pomeroy 1981; Section 1.5.3.4). 
Although the contents of a sullage trap are less hazardous than those of an interceptor tank, 
they generally need emptying far more frequently because of their small size. For example, in 
Rio Grande do None in Brazil the State water company has advised users to empty sullage iraps 
every week (CAERN undated b). 
Kruijff (1980) has reponed that in Kenya sullage traps "are often unattended and become 
filthy, ideal breeding places of mosquitoes". Escritt and Rich (1949) considered that the 
installation of household sullage traps "is futile except in those rare circumstances where regular 
attention [i.e. emptying] can be enforced". 
2.6 Collector sewer layouts 
2.6.1 Introductiou 
For the purposes of this study, house sewers are defined as the pipes which connect a 
household's sanitary fixtures to a collector sewer. The tenn collector sewer is applied to a sewer 
which has as its main purpose the receiving of house sewer connections. A collector sewer may 
be laid along either the front or back of the properties it serves (Figure 2.7). It may be laid on 
either public or private propeny. At the front, it may be in the residents' front gardens, in the 
road, or under the pavement. If at the back, it may be laid in the back gardens or in an alley way. 
If collectors are laid on private propeny, the authorities responsible for operating them may 
decide to obtain legal documents known as easements which give them rights to inspect and 
maintain the sewers. 
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Figure 2.7 Schematic representation of back service and front service collector sewer layouts 
2.6.2 Conventional practice 
For a short period during the middle of the nineteeenth century the practice of laying 
collector sewers at the back of houses was conventional practice in the U.K. in the sense that the 
General Board of Health recommended that the "back drainage" sewer layout should be used 
wherever possible (Figure 2.8; Latham 1878). However, the Board's espousal of back drainage 
attracted a good deal of adverse criticism from practising engineers who argued that it would lead 
to difficulty in maintenance because of the increased proportion of the network on private 
property (Leslie 1852). A further criticism was that purchasing the necessary rights of casement 
would be too expensive (Latham 1878). 
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A. Front drainage layout 
B. Back drainage layout 
Figure 2.8 "Front" and "back drainage" sewer layouts in Victorian England (Source: adapted 
from Latham 1878) 
The Board lost the argument and conventional practice became to lay collectors as far as 
possible beneath roads, although, as Escritt and Rich (1949) have put it, "From time to time ... 
stress is laid on the advantages of constructing sewers on land other than on the highway." Indeed 
several examples of the latter view were found in the conventional designs looked at during this 
study. 
Culpin et al (1978) recommended that for Ismailia in Egypt "In existing areas ... the laying of 
private sewers along the backs of properties to reduce capital costs should be considered." Milne 
(\ 983) has reponed that in Zimbabwe sewers have been laid in two metre wide casements at the 
rear of plots, and Holfcldcr and GKW (1978) for Kano in Nigeria recommended using the 
sanitary lanes at the back of plots for laying sewers since they were narrow enough to preclude 
vehicular access. 
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2.6.3 Non conventional sewerage 
In Rio Grande do Norte and other states in Brazil a principle feature of NCS design is the 
laying of collector sewers on private property at the back of plots, in order to situate them as 
close to WCS and other sanitary fixtures as possible (CAERN 1987; Assis and Barros 1985). 
Easements are not obtained (Azevedo Nello 1989 a). This approach has also been recommended 
by the UNCHS (1986) guidelines. 
In Zambian NCS schemes many of the collector sewers were laid at the back of plots (Iwugo 
et al 1978 b). The Pakistan/CDP system in Karachi has the collector sewers laid in the narrow 
back alleys which are a feature.ofthe·site(McGarry.l985r:. 
. 
Otis and Mara (1985) have recommended that easements should be obtained in order to lay 
sewers on private land if there are overall savings compared with alternative layouts on public 
land. 
Abboll and Lumbers (1985), Balfours and EC (1987) and Azevedo Nello (1989 a) have all 
suggested that the cost of two lines of collector sewer running beneath the pavements may 
sometimes be cheaper than one laid in the middle of the road. 
2.6.4 Discussion 
The laying of collector sewers at the back of properties has been a prominent design feature 
of NCS systems in Brazil, Pakistan and Zambia. However, this approach also features in some, 
albeit a minority, of conventional sewerage design proposals and its history stretches back to the 
nineteenth century. 
Then as now the principal argument in its favour has been that it reduces construction costs. 
Since WCS and other sanitary fixtures are usually situated at the rear of plots, the total length 
of house and collector sewers will be substantially reduced if collectors are laid at the back of 
houses instead of in the road (Figures 2.8 and 2.9). UNCHS (1986) has reported that the 
reduction may be as much as 50 per cent. 
A further advantage of a back service layout is that in situations where there are no lateral 
passages between neighbouring houses (as is frequently the case in Brazil and other parts of Latin 
America), a back service collector will spare the householder from having to lay house sewers 
through the interior of the house. 
If, on the other hand, twin lines of collector sewers are laid beneath pavements or front 
gardens, house sewers will be shorter than if one collector were laid in the middle of the road, but 
this reduction is likely to be outweighed by the increased length of collector sewer that is 
required. It has been claimed, however, that such a layout may be cost effective for sites where 
road widths are large relative to frontages (Balfours and EC 1987), where the disruption caused 
by laying the sewer in the middle of the road would be too great (Azevedo Nello 1989 a), or for 
flat sites where the greater amount of pipe cover required under a road would lead to excessively 
deep excavation in order to achieve minimum gradients (Abbol\ and Lumbers 1985). 
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An added cost advantage of laying sewers on private property or on public land not subject to 
vehicular loads (for example pavements, pedestrian areas and narrow alleys) is that pipes may be 
laid with less cover and without concrete protection (Section 2.11.1). The short house sewers in a . 
back service system further enable collector sewer depths to be kept shallow. Moreover, shallow 
collector sewers lead to reduced access point costs since they can be rodded from the surface and 
their inspection chambers can therefore be smaller and cheaper (Section 2.12). 
Laying collectors on private land, however, also has its drawbacks. Increased disturbance 
will be caused to householders on their own property during construction (although in 
compensation there will be less disruption of public thoroughfares). On plot building flexibility 
may be limited. Sewage from other households will also cross each resident's property. It has 
been suggested that in some countries this situation might be socially unacceptable (Bhallacharya 
1986). 
From the authority's point of view, collectors on private land are likely to be more difficult to 
supervise and maintain than those on public property. They may decide 10 obtain easements to 
facilitate access to the sewers but this can be time consuming and expensive. Even with an 
easemeIitthere remains a risk that collectors may be built over which would not be the case if 
they were laid beneath roads (Section 1.5.3.4; Akowuah 1985). 
If collectors are on private property, therefore, residents will invariably bear a greater share 
of the responsibility for operation and maintenance. This has its dangers. If the clearance of 
blockages in collector sewers on private property is left to residents, misuse of and failure to clear 
the system by one householder may lead to sewage overflows in upstream households without the 
authorities necessarily being either able or willing to intervene. 
The decision to lay collectors sewers on private property is therefore likely to necessitate a 
greater degree of community involvement in all the stages of a sewerage project to ensure that 
users are capable of operating the system. 
2.7 Size of toilet Oushes 
2.7.1 Conventional practice 
Flush volumes for conventional sewerage have been reported as being 20 litres in Brazil 
(Azevedo Nelto 1988) and Zambia (Iwugo et al1978 b). In Kenya, Kruijff (1980) has reported 
that the use of 40 to 60 l.c.d for flushing is not uncommon. 
In Gaberone in Botswana, Wakelin et al (1987) have reported that the 10 to 20 per cent of the 
population with conventional flush toilets were using 80 to 90 per cent of the total wate~ 
consumed, of which an estimated 40 to 50 per·cent went for flushing. 
Kalbermalten et al (1982 a) have stated that data from developing countries has shown that in 
areas with conventional sewerage the water used to flush toilets accounts for around 40 per cent 
of total domestic water usage (excluding that used for watering gardens). 
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2.7.2 Inten:eptor tank NCS 
No figures for flush volumes were found in the literature. Total domestic water consumption 
in the Karachi katchi abadi of Orangi in Pakistan was reponed to range from 29 to 40 litres per 
person a day (Balfours and EC 1987). In view of this, it is unlikely that the flush volumes used in 
the OPP.and UNICEF.NCS systems installed in Orangiare yery high;. j.,: . 
2.7.3 Solids transpol1ing NCS 
UNCHS (1986) has stated in its design guidelines that, since "sullage provides the main 
means" by which solids are transported, no more than 3 litres of flush water are required by the 
Wc. Azevedo:Nello:(1988)'has recommended 5.litre) flushes focBrazilian'NCS systems .. ,~, 
2.7.4 Discnssion 
On the basis of the limited amount of evidence available, it appears that substantially smaller 
flush volumes are used in some NCS designs than in conventional systems. A number of 
investigations have been carried out to see how well sewerage systems operate when the volume 
of water used for flushing is reduced. 
In Botswana and l..esotho, 3 litre flush toilets have been described as generally flushing as 
efficiently as a British Standard 9 litre flush toilet and it was reported that a year after installation 
there was no evidence of increased solid deposition as a result of the use of the reduced flush 
volume (Wakelin et aI1987). In Brazil, 4 and 5 litre flush toilets used in sewerage systems have 
been reponed to perform well (Guimaraes and Melo 1989). On this evidence it would seem 
unlikely that the flush volumes used in solids transponing NCS systems would lead to operating 
problems. 
As Otis and Mara (1985) have stated, collector sewers in interceptor tank NCS systems are 
not required to carry solids and therefore they do not need large quantities of water for solids 
transpon. Flush volumes in such systems merely need to be sufficient to transpon solids into the 
. interceptor tank. Olsson (1988) has reponed that a 1.5 litre flush was sufficient to clear test solids 
such as a sanitary towel and small plastic balls and rubber sponges from a 15 metre long 75mm 
pipe laid at 1 in 100. 
If more water is used for flushing than is technically necessary, it is being wasted; water 
supply costs are higher than they need be. Kalbermallen et al (1982 a) have illustrated the 
significance of the cost of water used for flushing by reporting that, a.s a percentage of the total 
cost of five conventional sewerage systems, the cost of flushing water was as much as 48 per 
cent. The average for the five schemes was 16 per cent. 
Unnecessarily high flush volumes mean that a smaller proponion of water supplied is 
available for cooking, drinking, washing and other purposes. They also add to the amount of 
waste water generated and therefore increase the cost of the collection and treatment systems. In 
Brazil the adoption of 4 or 5 litre flushes instead of the conventional 20 litre ones has been 
43 
estimated to result in a decrease of 30 per cent in the amount of water required to be treated 
(Guimaraes and Melo 1989). 
Such decreases depend very much, however, on user behaviour. The practice of multiple 
flushing may defeat the purpose of a low volume cistern design, while in the case of a pour flush 
toilet the amount of water used may vary widely. What matters most, perhaps, is the amount of 
water which individual users believe is necessary for the system to function well. 
2.8 Minimum diameters, slopes and velocities 
2.8.1 Introdnction 
Minimum diameters, slopes and velocities are set with the principal purpose of minimizing 
blockages. No sewer is entirely free from the risk of blockage, if for no other reason than 
occasional misuse by the users. The design objective is therefore to reduce blockages to an 
acceptable minimum. 
One way in which this has been attempted is by means of the theory of self cleansing 
velocities. According to this theory, sewers should be designed with slopes steep enough to 
ensure that at peak flow rates the waste water they carry flows at a specified minimum velocity. 
The specified minimum velocity is that which in the opinion of the designer will be sufficient to 
resuspend and transport the solids which may reasonably be expected to have become deposited 
in the sewer at periods of lower flow. 
The minimum shear stress theory is a refinement of the self cleansing velocity principle. 
Instead of the specification of a single minimum velocity figure, a minimum shear stress is 
specified which should be attained at the lower portion of the sewer perimeter at times of peak 
flow (Yao 1974). In order to fulfill this criterion different velocities are necessary depending on 
pipe diameter and the proportional depth of flow at peak flow. 
A number of sources (Lillywhite and Webster 1979; UNCHS 1986) have pointed out that the 
self cleansing velocity and minimum shear stress theories do not apply in the initial stretches of 
collector sewer lines. This is because minimum pipe diameters of 1oomm, 150mm or more are 
specified for such sewers, and the calculated peak flows in the sewers (Section 2.9) are rarely 
sufficient to attain self cleansing velocities or shear stresses. The gradients that are specified for 
such sewers do not therefore have a theoretical basis. 
2.8.2 Conventional practice 
Nineteenth century designers invented the self cleansing velocity theory. Latham (1878), 'for 
example, recommended a velocity of 0.91 m/s'for 150mm sewers. Oti)' (1983) has reported that 
Latham's American contemporary, the sanitary engineer George Waring, favoured a minimum 
velocity of 0.61 mls, although he would on occasion make do with O.46m/s. 
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Both Latham and Waling considered that flushing tanks (Figure 2.9) were essential at the 
head of all collector sewers in order to ensure that peak flows were high enough to achieve the 
self cleansing velocities. In the case of Waling's designs, "flush tanks were installed at the head 
of each sewer and all branches. The tanks flushed approximately 100 gallons [380 litres] of fresh 
water ... down the sewers by siphonic action once each day." (Otis 1983). On this basis Waling 
used a minimum gradient of I in 263 for 150mm sewers and I in 400 for 200mm ones (Azevedo 
Nello 1988). 
Figure 2.9 Flushing tank for use at the head of collector sewers (Source: adapted from Latham 
1878) 
It remains conventional practice to specify a minimum self cleansing velocity. In the sources 
studied, the figure specified ranged from 0.5m/s to l.Om/s (Table 2.1). One source (Holfelder and 
GKW 1978) specified a minimum shear stess which entailed varying velocities depending on 
pipe diameters and peak flows. 
None of the designs used flushing tanks and therefore they all specified minimum gradients 
for the initial stretches of collector sewers which had no basis in self cleansing velocity theory. 
For 150mm collectors the range was I in 60 to I in 200 (Table 2.1). Specified minimum gradients 
(fablc 2.1) for house sewers ranged from I in'40 to I in lOO. 
Most sources (fable 2.1) recommended a 100mm house sewer. A few specified a minimum 
of 150mm (fable 2.1). For collector sewers the range of minimum diameters specified was from 
lOOm m to 225mm (fable 2.1). 
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2.8.3 Interceptor tank NCS 
Tables 2.7 and 2,8 summarize the specifications. 
Table 2.7 Minimum slopes, velociti .. and diameten _ iD implemmted inlBa:ptor taDk NCS systEms 
System Minimum velocity Minimum slope Minimum pipe Reference 
(m/s) diameter (mm) 
Zambia/Lusaka 0.3 lOOmm collectors: Collector sewers: 100 Vincent et al 1961 
and Ndola 1 in 200 
150mm collectors: 
1 in 300 
NigeriaINew Bussa NK NK House and collector Otis and Mara 1985 
sewers: 100 
Pakistan/OPP 0.76 Collector sewers: House and collector Rashid 1984 
1 in 100 sewers: 150 Abbott 1985 
Hasan 1986 
Brazil/Recife NK Collector sewers: House and collector Greenhalgh 1984 
1 in 150 sewers: 100 
BrazilIBrolas 0.05 Collector sewer.;: Collector sewers: 40 Cynamon and Dauer 
no minimum 1987 
Columbia! 0.2 Post-interceptor tank Post-interceptor tank Rizo Pombo 1984 
Cartagena house sewer: 1 in 250 house sewer: 50 
Collector sewers: 
1 in 1000 
Pakistan/UNICEF NK NK House and rollector Balfours and EC 1987 
sewers: 100 
Notes 
1. NK = not known/not specified 
2. Unless otherwise stated, all house sewer specifications have been assumed to refer to both pre- and post-interceptor 
tank house sewers 
Since in interceptor tank systems the solids likely to cause blockages are designed to be 
retained in the tanks, il follows that minimum velocities, slopes and diameters in sewers 
downstream of the tanks may be more relaxed. 
. 
The earliest interceptor tank NCS design specified a minimum velocity of O.3m/s (Vincent et 
al 1961). Over time this has generally been reduced and several designs no longer specify any 
minimum at all (Otis and Mara 1985; Cowater 1986). 
However, two designs for Karachi favoured untypically high minimum velocities. In the case 
of the OPP system this was because the interceptor tank was envisaged as a temporary device,. 
necessary only until the water supply improved (Hasan 1987). In the other design doubts were 
expressed about the feasibility of keeping grit out of the sewers (Balfours and EC 1987). 
Minimum slopes for sewers preceding interceptor tanks ranged from 1 in 30 (Otis and Mara 
1985) to 1 in 50 (JTS 1989). Post interceptor tank sewers in five sources had no specified 
minimum gradient and were permitted to be inflective. The remaining sources specified 
minimums ranging from 1 in 100 (Abbot 1985; Kruijff 1980) to 1 in 1000 (Rizo Pombo 1984). 
Most lay between 1 in 150 and 1 in 350. 
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Table ZJI Minimnm slopes, nlodties aDd diameten _ iD iDten:qrt<r IaDk NCS design proposals and 
guideIiDes . 
System 
Guidelines 
Guidelines 
Thailand/Chonburi 
Caymans/Georgetown 
Minimum velocity 
(m/s) 
Nominimwn 
0.15 
0.3 
No minimum 
St Lucia/Anse-la-Raye No minimum 
PakistanIBalfours 0.5 (100mm pipes) 
Egypt/Cairo NK 
Nigeria/Lagos NK 
Chad/N'Djamena 03 
Kenya/general 0.15 (for first 50m of 
sewer; 0.3 thereafter) 
I ndonesia/generai NK 
Notes 
1. NK:: not known/not specified 
Minimum slope Minimum pipe Reference 
diameter (mm) 
Pre-interceptor tank House sewers: 75 Otis and Mara 1985 
house sewers: 1 in 30 Collector sewers: 100 
Collector sewers: no 
minimum 
Collector sewers: no Collector sewers: 50 Easson et 31 1988 
minimum 
NK House sewers: 75 A1T and CL 1988 
Collector sewers: 150 
Collector sewers: no Pre.interceptor tank Cowater 1986 
minimum house sewers: 100 
Post-interceptor tank 
house sewers: 50 
Collector sewers: 75 
No minimum Collector sewers: 100 Cowater 1989 
lOOmm collector House sewers and Balfours and EC 1987 
sewers: 1 in 167 collector sewers: 100 
NK Pre-interceptor lank Warner et al1982 
house. sewers: 100 
Post-interceptor tank 
house sewers: 50 
Collector sewers: 100 
Collectors: 1 in 250 Collector sewers: 100 Hansen and 
Therkelsen 1978 
House sewers: 1 in 200 House sewers: 90 Black and Veatch 1975 
Collectors: 1 in 333 Collector sewers: 110 
Pre-i nterceptor tank House sewers: 110 Kruijff 1980 
house sewer: 1 in 40 Collector sewers: 40 
Collectors: 1 in 100 
House sewers: 1 in 50 Post-interceptor tank 1TS 1989 
house sewers: 50 
Collector sewers: 100 
2. Unless otherwise stated, all house sewer specifications have been assumed to refer to both pre- and post-interceptor 
tank house sewers 
Inflective gradients have been permitted in some designs (Figure 2.10) subject to two 
safeguards. Firstly, all inlerceptor tanks must be above the highest elevation of the sewer line 
downstream from them. Secondly, care must also be taken to avoid the prospect of sewage 
backflow into households during periods when parts of the sewer line are flowing surcharged. 
This is achieved by ensuring that the hydraulic gradient of the system does not rise above the 
invert level of any of the outlets from the interceptor tanks during peak flow periods (Simmons 
and Newman 1984; Otis and Mara 1985). 
The range of minimum diameters for pre-interceptor tank sewers was from 75mm (Otis and 
Mara 1985; AIT and CL 1988) to 150mm (Hasan 1986), with only two designs recommending a 
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pipe larger lhan 100mm. Minimum sizes for sewers following illlerceplor lanks ranged from 
40mm (Cynamon and Dauer 1987; Kruijff 1980) to 150mm (Rashid 1984; AIT and CL 1988). 
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Figure 2.10 Profile of an illlereeplor lank NCS sewer line with inflective gradients (Source: 
adapled from Olis and Mara 1985) 
2.8.4 Solids transporting NCS 
Table 2.9 lists the specifications. 
Table 2.9 Solids transporting ~CS minimum slopes, velocities and diameters 
System Minimum veloci[}' Minimum slope Minimum pipe 
(rnls) diameter (mm) 
Guidelines 0.5 House sewers: 1 in 50 House sewers: 75 
Col1ccrors: 1 in 167 Collector sewers: 100 
Guidelines 0.5 House sewers: 1 in 100 House sewers: 75 
Collectors: 1 in 167 Collector sewers: 100 
Pakistan/COP 0.7 Collectors: 1 in 150 House sewers: 75 
Collector sewers: 150 
Brazil/Sao Paulo 0.5 Collectors: 1 in 167 House sewers: 75 
Collector sewers: 100 
Indonesia/general 0.5 House sewers: 1 in 50 House and collector 
CollcclOrs: 1 in 167 sewers: 100 
Brazil/RGS 0.5 CalleclOrs: 1 in 345 House and collector 
sewers: 100 
Note 
1. NK;: not known/not speciried 
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Reference 
UNCHS 1986 
MOU/PNUO 1986 
McGarry 1985 
Shah and Alvi 1985 
Azevcdo Nctto 1988 
ITS 1989 
Santas and Gazen 1987 
All designs specified a minimum self cleansing velocity. In all but one source it was 
specified as 0.5 m/so House sewers were either 75mm or l00mm, while minimum collector 
diameters were either l00mm or 15Omm. Minimum slopes for house sewers were either 1 in 50 
or 1 in 100. For initial stretches of collectors the majority of sources favoured a gradient of 
around 1 in 160, although 1 in 345 was specified in one instance (Santos and Gazen 1987). 
2.8.5 Discussion 
There is no radical difference between conventional and solids transporting NCS practice. 
The velocity, pipe diameter and gradient specifications of the latter are generally similar to the 
least conservative conventional specifications. Several designs permit a 75mm house sewer to be 
used whereas this was not encountered in conventional practice. Only one unimplemented design 
(SanlOs and Gazen 1987) specified a minimum slope for the initial stretches of collector sewers 
that was shallower than that used in some conventional deSigns. 
There are, however, major differences between conventional practice and the design of most 
interceptor tank NCS systems, or, to be more precise, the post interceptor tank sewers in such 
systems. The slopes and diameters specified for sewers preceding the tanks is in line with 
conventional practice. For the rest of the network, however, some sources do not specify a 
minimum velocity at all. Similarly, some specify smaller pipe sizes than would ever figure in a 
conventional design, and some pennit either very shallow or inflective gradients. 
2.8.5.1 Cost im plicatioDS 
If specified slopes or velocities are more conservative than they need to be for satisfactory 
operation, excavation and related costs will be higher than is necessary. This is very important 
given the high percentage of sewerage costs that are excavation-related; an evaluation of 
Brazilian conventional sewerage costs (excluding the cost of access points and treatment) 
revealed that 80 per cent were attributable to the processes of excavation and backfilling 
(FEEMA 1981). Table 2.10, which is based on data from Brazil, demonstrates the effect on costs 
of different depths of excavation. 
Table 2.10 Relative costs or pipes laid at .. arioos depths 
Depth (m) 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
Relative cost 
1.0 
3.78 
5.69 
9.75 
12.98 
16.56 
Source: adapted from MDU/PNUD (1986) 
Remarks 
Cost of excavation per running metre in sandy, 
silty or clay soilsj 150mm pipes 
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The use.of very.sh~!l?~ gr inflectivt< gra\liel!ts, will, to a certa!n ex\.ent,jJennit sewe~ l? b",?, . 
Jaid at,~~onst,~nt,dept~::yith~;profile.'Y~iyl);!J1in:ors t..he contou~ of;t~e.)aIld. Th!: .. m~gnitu~e o~ :, 
. ...., .. 
!~is ~onstant.~'ipth will,however,also be an imJX?rtant ,influt:n.ce on e1fca'\~tion costs!~n.d,\Vill be 
d~termined by,amongoth.~r th.i.ngs, •. the 9~Pt1!. of C9ver .cons!de~eq ne~essary to protect. t~ep'ipe 
.fr~'!I structural ~'!.mage.fSectifl.n!~)q);This il1 tum,:"i,ll ?ejnfl~~nce.d,by t~e. tYW~fic'2~I~ct.or 
~e~e~ lay.qut. ~~i'i~ i~.agflPt~~ (~ection 2.6.4) . 
. - Increased pipe diameters lea(\ to an i'ncrease in costs in two ways. Firstly, iarger pipes 
generally cost more to buy than smaller ones. Table 2.11 contains information on the cost of 
different sized pipes. Unfortunately no information was found relating to 40 or 50mm pipes such 
as are used in some interceptor tank NCS systems. The comparison between the cost of 75mm 
and 100mm pipes in Thailand (Table 2.11) suggests that the specification of a 75mm house sewer 
(as opposed to the more conventionall00mm one) in some solids transporting NCS designs may 
not reduce costs significantly, especially where, as in Brazil, pipe material costs are reported to 
account for only 20 per cent of sewer pipeline costs (FEEMA 1981). 
Table 2.11 "Provide and lay" oosIs of pipes with dilfelalt diameters 
Country/site Pipe diameter Relative Remarks Reference 
(mm) cost 
Botswana/Gaberone lOO 1.0 Type of pipe not specified WASH 1986 
ISO 1.27 
225 1.82 
Brazil/not specified lOO 1.0 Clayware pipes with rigid MDU/pNUD 1986 
ISO 1.54 joints at depths up to 2 metres 
2oo 2.29 
lOO 1.0 Clayware pipes with flexible 
ISO 1.67 joints at depths up to 2 metres 
2oo 2.23 
lOO 1.0 PVC pipes with flexible 
ISO 2.25 joints at depths up to 2 metres 
2oo 3.75 
Thailand/Chonburi 75 1.0 PVC pipes; cost includes A1T and CL 1988 
lOO 1.06 surface reinstatement in 
ISO 1.64 addition to materials and 
2oo 2.16 laying 
Secondly, excavation-related costs also vary according to pipe size (Table 2.12). The 
combination of the material and excavation savings provided by using smaller pipes has been 
reported in several sources. Bradley (1983), for example, has reported that in Malaysia the total 
cost of a ten metre long 150mm house sewer was 37 per cent more than that of a l00mm sewer of 
the same length. WASH (1986) has stated thal. in Botswana the cost per running metre of 150mm 
sewers was 15 per cent more than that of l00mm sewers; 225mm pipes cost 31 per cent more per 
running metre than 100mm ones. 
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Table 2.12 ExcaWtioD and n:lated msts as they yary for different pipe_ 
Pipe diameter Relative cost Relati ve cost Relative cost Relative cost Relative cost Comments 
(mm) of excavation of bedding of backfill of pavement of transporting 
reinstatement excess soil 
100 1.0 1.0 1.0 1.0 1.0 Pipe laid at a depth 
150 1.21 1.33 1.09 1.20 1.43 ofO.75m in sandy. 
200 1.41 1.73 1.18 1.40 1.86 silty or clay soil 
Source: adapted from MDU/PNUD (1986) 
2.8.5.2 Other implications 
If blockages are to be avoided in an interceptor tank NCS system, solids liable to form 
blockages must be kept out of the sewers which are downstream of the interceptor tanks. The 
tanks must therefore be designed to effectively intercept solids. They must also be periodically 
desludged. Any access points on the post-interceptor tank sewer lines must be securely covered. 
The solids transporting NCS systems do not have lower minimum velocities than those used 
in some conventional designs. One design, however, specified a more relaxed slope for the initial 
stretches of collector sewers than was found in conventional practice. Whether or not this might 
lead to increased blockage problems is a matter for debate. 
Work done at the Building Research Institute has led to the conclusion that joint quality 
rather than gradient is the major factor determining the frequency of blockage in house and 
collector sewers (Wise et al 1966; Lillywhite and Webster 1979). The former source reported the 
case of a well-jointed 12 metre long house sewer which was laid flat but which was able to carry 
away all solids and in which no blockage was formed. 
In the upper reaches of sewer networks an alternative model to the self cleansing velocity 
theory of solids transport and blockage avoidance has been put forward (Lillywhite and Webster 
1979) in which accumulated solid deposits are resuspended and transported by the hydraulic 
pressure which builds up behind them. As Swaffield (1980) has put it, a deposited solid forms a 
partial dam which results in the generation of forces that accelerate it downstream. 
In addition to good jointing, therefore, a high frequency of discharges and a high proportional 
depth of flow have been reported to favour the avoidance of blockage (Lillywhite and Webster 
1979). This implies that blockages will be minimized by the connection of as many discharging 
sanitary fixtures to the sewer as is hydraulically feasible. It also implies, at first sight somewhat 
paradoxically, that reducing pipe diameters may reduce blockages, since for a given flow the 
proportional depth of flow will be higher in, for example, a loomm pipe than in one with a 
. diameter of 150mm. Since the majority of solids transporting NCS designs specify a loomm 
minimum collector sewer diameter, it may therefore be argued that in this respect they will be 
less susceptible to blockage than conventional.designs with bigger pipes. 
LiIlywhite and Webster (1979) have argued that the specification of a minimum slope can 
also be justified for construction purposes since "While pipelines at gradients flatter than 1 in 200 
have been seen to function satisfactorily ... the choice depends finally on the degree of skill of the 
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operatives and also on the ground conditions, as quite small ground movements with very flat 
gradients can also give backfalls." The solids transporting NCS design with a 1 in 345 slope 
specification might encounter problems in this respect. The interceptor tank systems, as long as 
they exclude solids from the sewers, should not be affected. Indeed some of them are purposely 
designed with backfalls/inflective gradients. 
Minimum velocity and slope specifications also have implications regarding slime 
accumulation and hydrogen sulphide generation. Bland et al (1978) have argued that the growth 
and persistence of slime in a sewer is independent of pipe material but critically dependent on the 
velocity of the flowing waste water. ESKK (1981) has reported that slime growth occurs rapidly 
at velocities below O.7m/s. The minimum velocities adopted in the majority of NCS designs 
might therefore be expected to lead to slime accumulation problems which will reduce the 
hydraulic capacity of the sewer. 
USEPA (1974) has recommended that for collector sewers serving less than one hundred 
households a minimum slope of 1 in 167 should be adopted in order to avoid hydrogen sulphide 
problems (Section 1.5.3.4). If this is so, one of the Brazilian solids transporting designs (Santos 
and Gazen 1987) would appear to be at risk, together with the great majority of interceptor tank 
systems. 
2.9 Peak flow factors, infiltration and inflow 
2.9.1 Introduction 
A sewer must have sufficient capacity to carry away the flow of waste water discharged into 
it. It is important therefore to determine the anticipated peak flow of waste water. This will 
consist of the peak flows from the domestic, industrial, commercial and institutional premises 
served by the sewer, together with the groundwater infiltration and stormwater inflow into the 
sewer. 
Domestic, industrial, commercial and institutional flows are unevenly distributed over the 
course of a day and may also exhibit daily, weekly and seasonal variations. Thus, if average flow 
rates expressed in litres a day areused;lI!l the basisJor:calculiltiilg pe'ak flow, rates in:the se;"er -
expressed in :litres.persecond, .theJormer.neea tOlbe multiplied:by a'peak fa.ctor.:~' .• :. ..-. 
The magnitude of peak flow factors should be inversely related to the size of the population 
being served by the length of sewer under consideration. The variation between peak and average 
flows becomes less pronounced for large populations since" As the tributary area increases the 
likelihood of all peak flows reaching a given point in the sewer network simultaneously is 
diminished" (Black and Veatch 1975). 
2.9.2 Conventional practice 
Nearly all designs multiplied average daily waste water flows by a peak factor and then 
52 
added in an allowance for infiltration and inflow. Most varied the size of the peak factor 
according to the size of population under consideration. Two of the designs that used a single 
factor regardless of population also had the most and least conservative peak factor values 
(Archer 1977; ABNT 1986; Table 2.1), the range being from 6.0 to 1.8. 
There was a considerable variety in the way in which allowances for infillration were 
speCified in the sources (Table 2.13). The allowances specified (Table 2.13) by ESKK (1981) and 
Atkins and Goeritno (undated) for schemes in Malaysia and Indonesia would be equivalent to 
0.08 and 0.04 1/s/ha respectively if a population density of 300 people per hectare and a waste 
water flow rate of 120 litres per person a day were assumed. Inflow allowances were frequently 
not specified. 
Table 1.13 InfiItnltiou and inflow aDOlt'auccs in c:onTeDtiooal sewerage designs 
Country Infiltration allowance Inflow allowance Reference 
Indonesia 10 per cent of daily NK Atkins and Goeritno undated 
average flows 
Malaysia 20 per cent of daily 
average flows 
NK ESKK 1981 
India 0.06 to 0.6 I/S/ha None; to be eliminated CPHEEO 1980 
(if sewers are below by supervision of system 
ground water table) 
Nigeria 0.151/S/ha 0.41/S/ha Holfelder and GKW 1978 
(if sewers are below 
ground water table) 
Indonesia . 0.03 to 0.12I/s/ha NK JTS 1989 
(range of allowances specified 
in four different schemes) 
Thailand O.3l/s/ha Included in infiltration AlT and CL 1988 
allowance 
Brazil 0.05 to 1.0 I/s/km NK ABNT 1986 
Note. 
1. NK = not known/not specified 
2.9.3 Interceptor tank NCS 
Table 2.14 contains information on the peak factors and infiltration and inflow allowances 
used in interceptor tank NCS systems. 
Peak flows were mostly calculated using peak factors, allhough probability theory based 
methods were used for a system in Columbia (Rizo Pombo 1984). With only two exceptions 
(Black and Veatch 1975; A1T and CL 1988) a flat rate factor was specified independent of 
population. The peak factors specified ranged ~rom 1.2 (Cowater 1989) up to 5.0 (Hansen and 
Therkelsen 1978). Two sources were notable for not using a peak factor at all and thereby taking 
peak flows as equal to average daily flows (Cynamon and Dauer 1987; JTS 1989). 
Data relating to infillration and inflow allowances were in short supply. Combined 
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allowances for infiltration and inflow ranged from 0.12I/s/ha to 0.3 l/s/ha. 
Table 2.14 Peak Dow factors and inIiItndioo and inflow aIIowanc:es in interceptor tank NCS systems 
System 
Guidelines 
Guidelines 
ZambiaiLusaka 
and Ndola 
Pakistan/DPP 
Brazil/Brotas 
Columbia! 
Cartagena 
Thailand! 
Chonburi 
St Lucia/ 
Anse-Ia-Raye 
Nigeria/Lagos 
Chad/N'Djamena 
Kenya/general 
Indonesia/general 
Note. 
Infiltration 
allowance 
0.231/S/ba (clay pipes) 
0.121!S/ba (PVC pipes) 
("conservative estimates") 
NK 
NK 
NK 
None 
0.2I!s!ha (clay pipes) 
0.021!s!ha (PVC pipes) 
(i f sewers are below 
ground water table) 
0.151!siha 
NK 
0.3I!s!ha 
Included in 
peak factor 
NK 
To vary depending on 
condition of sewers and 
ground water table 
1. NK = not known/not specified 
2. NA = not applicable 
2.9.4 Solids Cranspor1ing NCS 
Inflow allowance 
Included in 
infiltration 
allowances 
NK 
NK 
NK 
NK 
NK 
Included in 
infiltration 
allowance 
NK 
Included in 
infiltration 
allowance 
Included in 
peak factor 
NK 
NK 
Peak flow Reference 
factor 
2.0 Dtis and Mara 1985 
2.0 Easson et al 1988 
3.0 Vincent et 311961 
4.0 Ali and Alimuddin 
undated 
1.0 Cynamon and Daucr 
1987 
NA; peak flows Rizo Pombo 1984 
calculated using 
probability 
theory 
2.0 (sewers 200mm A1T and CL 1988 
or more in diameter) 
3.0 (sewers smaller 
than 200mm) 
1.2 Cowater 1989 
5.0 Hansen and 
Therkelsen 1978 
4.0 (for sewers Black and Veatch 
serving less 1975 
than 10 000 people) 
2.0 Kruijff 1980 
1.0 ITS 1989 
Table 2.15 contains infonnation on the peak factors and infiltralion and inflow allowances 
used in solids transporting NCS systems. 
Peak factors ranged from 1.8 (UNCHS 1986; MDU/PNUD 1986; Santos and Gazen 1987) to 
3.0 (JTS 1989). Infiltration allowances ranged from zero (for arid areas) to 0.23I/s/ha. An 
allowance for inflow was only specified in one instance. 
2.9.5 Discussion 
This is not an area of significant design difference between NCS and conventional practice. 
Peak factors are used to calculate peak flows in the great majority of conventional and NCS 
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designs. Only a small number of interceptor tank NCS designs have smaller peak factors than 
Brazilian conventional specifications. 
Table 2.15 Peak Do .. facton; sod infiltration sod inDo .. alIowanas in solids transpo<ting NCS S)'liIems 
System Infiltration Inflow allowance Peak flow Reference 
allowance factor 
Guidelines 0.23 1/slba or NK 1.8 to 2.4 UNCHS 1986 
0.2 to 0.31/s/km 
(if sewers are below 
ground water table) 
Guidelines None (arid areas) NK 1.8 MDU/PNUD 1986 
O.I1/s/km (sewers 
above water table) 
0.21/s/km (sewers 
below water table). 
BrazillSao Pallia 0.41/s/km 0.21/s/km 1.8 Azevedo Netto 
1989 a 
Indonesia/general To vary depending on NK 3.0 ITS 1989 
condition of sewers and 
ground water table 
Brazil/RGS 0.05 1/s/km (PVC pipes NK 1.8 Santos and Gazen 
with rubber ring joints) 1987 
Note. 
1. NK = not known/not specified 
Similarly, NCS infiltration allowances generally fell within the range of conventional 
practice; both NCS and conventional sources make the point that infiltration depends upon: 
- for what length, if any, the sewer is laid beneath the level of the groundwater table; 
- . the pipe material and type of joint used; and 
how well the sewer is constructed, particularly in relation to the water tightness of the pipe 
joints and the access points. 
In any event, the variations in peak factors and infiltration allowance are to some extent not 
of great significance as regards cost savings in the upper reaches of sewer networks, since it is 
customary in both conventional and non conventional design to specify minimum pipe sizes for 
collector sewers (Section 2.8). Table 2.16, for example, demonstrates the· maximum number of 
households that may be connected to pipes of 100mm and 150mm without exceeding their 
hydraulic discharge capacities. Waste water flows and peak factors are selected from the higher 
end of the range likely to be found in a low income area in a developing country. An infiltration 
allowance in line with that recommmended by Oakley (1983) has been made. Incidentally, this 
allowance would be equivalent to 0.415 l/s/ha at a population density of 300 people per hectare, 
higher than any encountered in NCS design. The chosen slopes are towards the shallower end of 
the range. The aim, therefore, has been to arrive at a conservative figure for the maximum 
number of households that could be connected. 
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Table 2.16 M.u:im.um number of ronnections to collector sewers 
Pipe size Pipe slope Infiltration Peak waste water Pipe capacity Maximum number 
(mm) allowance (115) flow per household (115) of connections 
(1/5) (households) 
100 1:100 0.0083 0.0583 4.52 77 
150 1:167 0.0083 0.0583 10.44 179 
Notes. 
1. Allowance for infiltration is 100 per cent of average daily waste water flows 
2. Peak waste water flows per household calculated assuming a waste water flow of 120 I.c.d., a household of six and 
a peak factor of six 
3. Pipe discharge capacity calculated using k s= 3.0mm and a maximum flow depth of 80 per cent of pipe diameter 
Inflow allowance specifications were, whether for NCS or conventional designs, for the most 
part either included with infiltration allowances or omitted. Since all NCS systems have been 
designed to be separate sewerage systems (Section 2.4.3), the amount of stormwater inflow 
chiefly depends upon: 
the climate; 
the adequacy or otherwise of existing storm water drainage facilities; and 
- the ease with which unauthorized rainwater connections can be made to the system. 
In the opinion of one firm of consultants, therefore, storm inflow "can hardly be determined 
by any logical criteria" (Black and Veatch 1975), due to the difficulty of predicting how many 
householders will succeed in connecting the runoff from their properties into the sewers. It can, 
however, be of great significance. It has been reported that in the V.K. unauthorized rainwater 
connections from roofs and yards sometimes lead to peak flows in separate foul sewers which are 
ten times greater than average dry weather flows (fayler undated). 
The implication, if sewage backups and overflows are to be avoided, is that all NCS systems 
except those in arid areas will need to minimize inflow through a combination of system 
supervision and maintenance and user education. 
2.10 Maximum Oow depth 
2.10.1 Introduction 
There are two main reasons for setting a maximum flow depth: 
in order to avoid the increased risk of hydrogen sulphide generation in pipes that are full of 
sewage (pomeroy 1981); and 
as a margin of safety in case actual waste water flows (especially those resulting from 
groundwater infiltration and inflow caused by unauthorized rain water connections) exceed 
those which were designed for (GOK 1973;'BKH undated). 
2.10.2 Conventional practice 
Specified maximum flow depths ranged between 50 and 75 per cent of the diameter of the 
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pipe (Table 2.1). 
2.10.3 Interceptor tank NCS 
Many sources contained no information on this aspect of design. However, in the designs 
which permitted inflective gradients (Tables 2.7 and 2.8) it is evident that some sections of pipe 
will always be full of waste water. Four sources (Table 2.17) specifically stated that there was no 
limit on the maximum depth of flow. One source (Cynamon and Dauer 1987) specified a 
maximum flow depth of 80 per cent of the pipe diameter. The OPP design was the most 
conservative with a specified maximum of 50 per cent of pipe diameter. 
Table 2.17 Inlera:ptor tank NCS specifi<ations for lII8ldmom Dow depths aDd depths of eo..,r 
System Maximum flow depth Minimum cover (m) Reference 
Guidelines No maximum 0.5 Olis and Mara 1985 
Pakistan/DPP 0.5 x D 0.46 (v.l.) Hasan 1984 
Brazil/Recife NK 1.0 (v.l.) Greenhalgh 1984 
Brazil/Brotas 0.8 x D 0.3 (n.v.l) 
1.0 (v.l.) 
Cynamon and Dauee 1987 
Columbia/Cartagena NK 0.25 (n.v.l.) Rizo Pombo 1984 
Thailand/Chonburi NK 0.5 (house sewers) A1T and CL 1988 
1.0 (collector sewers) 
Caymans/Georgetown No maximum 0.3 (n.v.l.) Cowater 1986 
0.9 (v.l.) 
Chad/NtDjamena No maximum NK Black and Vealch 1975 
Pakistan/BalfouIS NK 0.6 (v.l.) Balfours and EC 1987 
Kenya/general No maximum 1.2 (v.l.) Kruijff 1980 
Notes. 
1. D;::; pipe diameter 
2. Depth of cover is specified with reference to pipe soffit 
3. n.v.1. = not subject to vehicular loads 
4. v.1. = subject to vehicular roads 
5. NK = not known/not specified 
2.10.4 Solids transporting NCS 
Specified maximum proportional flow depths ranged from 75 to 90 per cent of pipe diameter 
(Table 2.18). 
2.10.5 Discussion 
• 
The majority of NCS designs specify a hig.her maximum permitted flow depth than is 
conventional practice. Some interceptor tank designs do not specify a maximum. 
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Table 2.18 Solids InmsportiDg NCS spedficatioas for DUIlI:imnm Dow depths mu! depths of alTer 
System Maximum flow depth Minimum cover (m) Reference 
Guidelines 0.8xO 0.3 (n.v.l.) 
0.4 (under pavements) 
UNCHS 1986 
0.8 (v.l.) 
Guidelines 0.9xO 0.2 (household plots) MOU/pNUO 1986 
0.4 (pedestrian areas) 
0.85 (v.l.) 
Brazil/Sao Paulo 0.8xO 0.7 (under pavements) Azevedo Netto 
0.9 (v.l.) 1989 a 
Brazil/RGS 0.75 x 0 NK Santes and Gazen 1987 
Notes. 
1. D '= pipe diameter 
2. Depth of cover is specified with reference to pipe soffit. 
3. n.v.1. = not subject to vehicular loads 
4. v.l. = subject to vehicular roads 
5. NK = not known/not specified 
Under conditions of open channel flow, circular sewers have their greatest discharge capacity 
when the proportional depth of flow is between 0.8 and 1.0 times the diameter of the pipe. Thus, 
for any set of flow conditions, more households may be connected to a pipe of a given· diameter 
the higher the permitted maximum flow depth. 
Table 2.19 s40ws that nearly twice as many households may be connected to a 150mm pipe 
laid at 1 in 167 if the maximum depth of flow is 80 per cent of the pipe's diameter as may be 
connected if it is 50 per cent. This implies pipe material and excavation-related cost savings in 
line with those discussed in Section 2.8.5.1 and shown in Tables 2.11 and 2.12. 
Table 2.19 loOumce of maximum. flow depths OD number of house COnoectiODS 
Maximum Effective pipe Maximum number 
proportional capacity (I/s) of households 
flow depth 
0.5 5.297 90 
0.6 7.146 122 
0.7 8.931 153 
0.75 9.736 166 
0.8 10.440 179 
0.85 11.007 188 
0.9 11373 195 
0.95 11.452 196 
Notes. 
1. Pipe is 150mm laid at 1 in 167 with a roughness k = 3.0mm 
2. Peak flow per household is 0.05831/5, based on a Jaily average waste water flow of 120 I.c.d., an average 
household size of 6 people, a peak factor of 6.0 and an infiltration allowance equal to 100 per cent of average flows. 
On the other hand, the higher permitted fl~w depths of most NCS systems imply a lower 
margin of safety. In particular, infiltration and inflow need to be controlled since the spare pipe 
capacity provided by the specification of a maximum flow depth is designed to cater for such 
flows. Both the construction and the operation of the system will therefore need to be well 
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supervised if access point overflows or the backup of sewage into houses are to be avoided. 
Secondly, if pipes are completely filled, sewage is more likely to become completely anaerobic, 
the chances of hydogen sulphide generation will increase, and safety, corrosion and odour 
problems will be created (Section 1.5.3.4). 
2.11 Minimum pipe cover 
2.11.1 Introdnction 
At least two minimum cover specifications for sewers are usually given, relating to whether 
or not the sewer is subject to traffic loads. This is because a sewer pipeline needs to be 
considered as an underground structure (Bartlett 1970) and due account must be taken of the 
loads to which it is subject and its ability to withstand those loads. The strength of a sewer pipe is 
a function of the crushing strength of the pipe together with the additional strength which the 
pipe derives from its bedding. The load which a sewer pipe and its bedding must be able to 
withstand varies according to where the sewer is laid. Unless stronger pipes or beddings are used, 
sewers laid under roads, and which are therefore subject to vehicular loads, will need to be 
provided wi th more cover than those laid in pedestrian areas. 
Unless otherwise stated, the figures quoted in the following sections for minimum depths of 
pipe cover are specified with reference to pipe soffits. 
2.11.2 Conventional practice 
Table 2.1 summarizes the range in specifications. For pipes not subject to vehicular loads 
minimum specified cover ranged from O.3m (Milne 1983) to 0.65m (Atkins and Goeritno 
undated). Figures for pipes subject to vehicular loads varied from 0.8m (Milne 1983) up to 1.5m 
(AIT and CL 1988). 
2.11.3 NCS systems 
Tables 2.17 and 2.18 contain minimum cover specifications. Figures for pipes not subject to 
traffic loads varied between 0.2m in Brazil (MDU/PNUD 1986) and 0.5m in Thailand (AIT and 
CL 1988). Vehicular load minimum cover figures for pipes without concrete protection ranged 
from approximately O.46m for sewers in Orangi in Karachi up to 1.2m for sewers in one system 
in Thailand. 
2.11.4 Discussion 
Minimizing pipe depths is important because excavation costs are of great significance 
(Section 2.8.5). Besides the specified minimum amounts of cover examined in this section, site 
topography and minimum permitted sewer slopes (Section 2.8) are also important in reducing 
excavation. 
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Three NCS designs had minimum cover specifications for pipes subject to traffic loads that 
were 0.2 or 0.3 metres lower than the least conservative conventional design. Two of these 
specified less than 0.6 metres (Otis and Mara 1985; Hasan 1984), the minimum amount 
recommended by the British Standards Institution for 150mm pipes in roads other than main 
roads (BSI 1985). It is possible that sewers laid at such depths would run an increased risk of 
damage from traffic l<!,ads. Two NCS designs had speCifications for non-vehicular load situations 
which were 0.1 or 0.05 metres less than the smallest amount specified in the conventional 
designs. 
The large majority of NCS designs, however, fall within the range of conventional practice. 
The important distinction in this area of design is not so much between conventional and NCS 
practice, but rather between pipes which are subject to traffic loads and those which are not. The 
back service collector sewer layouts (Section 2.6) and inflective gradients (Section 2.8) used in 
some NCS systems both help to minimize cover depths in this respect. The latter may be made 
use of allow a sewer line to be depressed to cross under a road and then raised back up again on 
the other side to the minimum depth of cover for non vehicular load situations (Cowater 1986). 
Besides topography, minimum specified sewer gradients and traffic loading, there may be 
further constraints on the minimum cover given to a sewer. If sewers and water mains are laid in 
close proximity to each other, a minimum distance must be maintained between the two 
pipelines. It has been reported that, provided the sewer pipe is of first class quality and 
construction standards are good, the vertical distance at which a sewer may be laid beneath a 
water main can be reduced to 460mm (Ludwig 1984). 
Finally, pipes may need to be protected against gardening and landscaping activity if they are 
laid in gardens or other non-paved areas. Indeed, one source (Bartletl 1970) has recommended 
that for this reason a minimum of 0.75 metres of cover should be provided. NCS designs which 
use back service collector sewer layouts (Section 2.6) would be the most vulnerable to this type 
of damage and householders would need informing about the dangers of damaging pi pes in this 
way. 
2.ll Acce&'i points 
2.ll.1 Introduction 
Access points are sited at intervals along a sewer for purposes of inspection and cleaning. 
The only alternative to providing access points is to break into the pipe if a blockage occurs. 
Paradoxically, however, while access points are intended to facilitate blockage clearance, they 
are also the source of entry for many of the solids ~hich- cause blockages (Section 1.5.3.4). in .' 
order'to'prevent this from happening; aCcess points Illust have seciIre cover.; and the covers need' 
to be replaced in the event of breakage or theft. 
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Access points can take various forms, ranging from devices designed to admit cleaning rods 
only up to chambers large enough for a man to enter. They are also referred to by a variety of 
different namcs. In this study it is proposed to differentiate them into the following three 
categories: 
inspection tubes (Figure 2.11); 
underground boxes (Figure 2.12); and 
inspection chambers (Figure 2.13). 
If inspection chambers are used, sewers beyond a depth of about 0.75 metres will, unless all 
cleaning is done mechanically, need to be provided with inspection chambers large enough to 
admit a man to enter them; these inspection chambers arc often termed "manholes". At shallower 
depths there wilj be no such need since the sewer may be rodded from the surface and the 
chambers can therefore be of a reduced size. 
Figure 2.11 Inspection tube access points (Source: adapted from Azevedo Ncno 1989 a) 
2.12.2 Conventional practice 
Inspection chambers were typically specified for all junctions as well as all changes of 
gradient, alignment and pipe size. Sources in Egypt, Malaysia and Zimbabwe permitted the use of 
inspection tubes instead of inspection chambers but only at the head of collector sewers. 
Specified maximum distances between inspection chambers ranged between 25m in Thailand 
and lOOm in Malaysia, Indonesia and Venezuela (Table 2.1). Interestingly enough, in the 
nineteenth century one designer has been reponed as specifying 305m (Otis 1983). Minimum 
inspection chamber dimensions ranged from a diameter of 0.675 metres in Zimbabwe up to 1.2 
metres in Malaysia and Venezuela and 1.22 metres in Pakistan (Table 2.1). 
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A-A 
I UNDERGROUD BOX FOR CURVE 
AOI (CHANGE OF DIRECTION ~45°1 
UNDERGROUND BOX FOR CHANGE 
OF GRADIENT 
Figure 2.12 Underground box access points (Source: adapted from Azevedo Netto 1989 a) 
2.12.3 Interceptor tank NCS 
Table 2.20 contains information on access points used in interccptor tank NCS designs. One 
design in Karachi in Pakistan had no access points at all (Balfours and EC 1987). However, the 
system was a very small one, consisting of only two collector sewers each serving a single lane. 
A number of other systems had no inspection chambers, others specified them only for major 
junctions and one design (Balfours and EC 1987) recommended that they only be used on trunk 
sewers. The lalter source recommended that if blockages occurred in the collector sewers the pipe 
should be broken into and an inspection chamber built once the blockage had been cleared. The 
other sources specified inspection tubes instead of chambers. 
In the instances where inspection chambers were used at regular intervals, the maximum 
spacings specified varied between 10 and 150 metres. Where minimum inspection chamber 
dimensions were specified, they varied from 0.3 to 1.7 metres. 
62 
: 
H H 
PLAN A-A 
, 1 
~ .i00i 
SECTION B-B 
INSPECTION CHAMBER I C I 
Chamber 
type 
IC 1 
IC 2 
Depth to sewer 
invert (m) 
Up to 0.75 
0.75 - 1.35 
Iv1'5! 
t-. i 
I 
I 
PLAN A -A 
SECTION B-B 
INSPECTION CHAMBER I C 2 
Inspection chamber dimensions (m) 
Square B x L Rectangle B x L 
0.4 x 004 
0.7 x 0.7 
0.4 x 0.6 
0.6 x 0.8 
Figure 2.13 Inspection chamber access points (Source: adapted from UNCHS 1986) 
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Table UO lospedioo chambers and other aa:e56 poinls in interceplor tank NCS designs 
System 
Guidelines 
Guidelines 
ZambiaILusaka 
and Ndola 
Nigeria/ 
New Bussa 
Pakistan/DPP 
Brazil/Recife 
Brazil/Brotas 
Columbial 
Cartagena 
Use of inspection chambers 
At major junctions only 
At major junctions only 
All changes of direction; 
maximum spacing of 90m 
Minimum size 
of chamber (m) 
NK 
NK 
NK 
NI junctions and changes of NK 
direction; maximum spacing 
of80m 
On collector sewers: average Diameter 0.53 
of one every 10m of 
collector sewer 
90 degree bends; house and 0.3 x 0.3 
oollector sewer junctions 
Not used NA 
NI junctions and changes of 0.4 x 0.4 
direction and gradient 
Pakistan/UNICEF Not used NA 
Thailand/ 
Chonbun 
Maximum spacing of 150m Diameter 1.0 
on collector sewers 
Caymans/ At major junctions Diameter 1.7 
Georgetown 
St Lucial Not used NA 
Anse-Ia-Raye 
Pakistan/Balfours On trunk sewers for all Diameter 0.6 
Chad/N'Djamena 
Kenya/general 
Notes. 
changes of direction. pipe 
size and gradient and at all 
junctions 
At all junctions and at the Diameter 1.2 
head of all collector sewers 
At all junctions and changes NK 
of direction 
1. NK;;;; not known/not specified 
2. NA = not applicable 
2-UA Solids transporting NCS 
Other access points 
Inspection tubes 
Inspection tubes and 
underground boxes 
Inspection tubes 
None 
None 
None 
Inspection tubes 
None 
None 
Reference 
Dtis and Mara 1985 
Easson et al 1988 
Vincent et al 1961 
Iwugo et al 1978 a 
Hasan 1986 
Mustafa undated 
Greenhalgh 1984 
Cynamonand 
Dauer 1987 
Rizo Pombo 1984 
Balfours and EC 1987 
Inspection tubes every AlT and CL 1988 
25m on collector sewers 
Inspection tubes 
Inspection tubes 
Inspection tubes on 
house sewers 
Cowater 1986 
Cowater 1989 
Balfours and EC 1987 
Buried inspection tubes Black and Veatch 1975 
Inspection tubes Kruijff 1980 
Table 2.21 contains information on the access points used in solids transporting NCS 
systems. Some use of inspection chambers was specified in all cases, although in two designs 
used in Brazil and Bolivia their use was very limited. When specified, maximum spacings varied 
between 40 and 150 metres except in the case of the CDP system in Karachi where the spacing 
averaged one inspection chamber for every terr metres of the collector sewer network (McGarry 
1985). Inspection tubes were used in all but two designs, and underground boxes were advocated 
in one case. Whenever inspection chamber dimensions were specified, the minimum was less 
than one metre. 
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Table Ullospection cbamben and other IICCCSO points in solids tnm.porting NCS cIesigos 
Syslem 
Guidelines 
Guidelines 
BrazillSao Paulo 
Pakislan/COP 
Brazil/RGS 
Note. 
Use of inspection chambers Minimum size 
of chamber (m) 
All changes in direction and 0.4 x 0.4 
all junctions; maximum 
spacing of 40m if sewer 
cleaned manually 
All changes in direction and 0.4xO.4 
all junctions; maximum 
spacing of lOOm 
Drop manholes; sampling 
and measuring points 
Diameter 0.8 
All junctions and changes NK 
in direction; average of one 
every 10m of collector sewer 
Only on sewers bigger NK 
than 300mm in diameter 
1. NK = nol known/nol specified 
2.ll.5 Discussion 
Other access points Reference 
None UNCHS 1986 
Inspection tubes al Ihe MOUjPNUO 1986 
head of all collector 
sewers 
Inspection tubes at the Azevedo Netto 1988 
head of all collector Azevedo Netto 1989 a 
sewers; underground 
boxes for changes in 
direction 
None McGarry 1985 
Inspection tubes SanIOS and Gazen 1987 
Conventional practice is to specify inspection chambers and make little use of other types of 
access point. Although solids transporting NCS designs all incorporate some inspection 
chambers, their minimum dimensions tend to be smaller than in conventional systems and their 
use is sometimes very limited. In most cases the reduced size of inspection chambers is a 
consequence of adopting a back service sewer layout which keeps the colleclor sewers at shallow 
depths. More use is made of inspection tubes and underground boxes in solids transporting NCS 
than in conventional designs. 
Some interceptor tank NCS designs do not use any inspection chambers while others only 
have very limited numbers of them. The use of alternative forms of access points is almost 
universal in these designs. 
Eliminating and replacing inspection chambers leads to a significant reduction in costs. 
Azevedo Nello (1988) has reported Ihat in Sao Paulo State in Brazil the cost of a manhole is 
equivalent to the cost of constructing seventy metres of a 150mm sewer line. Information 
concerning inspection chamber costs as a proportion of sewerage costs is summarized in Table 
2.22. Admittedly it is not clear for several of the examples in Table 2.22 to what extent treatment 
and on plot costs were included in the "total cost" figure. Taking the most conservative view, 
however, and assuming that in such cases the figures relate to the proportion of collection costs 
only, Table 2.22 clearly shows that inspection chambers are a subslantial cost item. Sinnatamby 
(1983), moreover, has illustrated how many of the inspection chambers in a sewerage system 
may be superfluous by quoting the case of a thirty year old system in Sao Paulo State in Brazil, in 
which over 90 per cent of inspection chambers were found never to have been opened. As well as 
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being superfluous, all such chambers provide a potential means of access for stormwater, grit and 
refuse. 
Table 2.22lDspectioo cbambcr ..-as a proportioo oC aJIl~eotiooal sewenoge <ODSInJetioo ..-
Country/site Percentage of Definition of "sewerage costs" Reference 
"5Cwerage costs" 
BrazillSao Paula 13 Of "system cost" Aze ... edo Netto 1989 a 
Brazil/not specified 20 Of collection costs Santos and Gazen 1987 
India/not specified 25 to 30 Of total costs excluding treatment Bannerjee 1977 
Thailand/Chonburi 25 Of "total costs" AlT and CL 1988 
Kenya/not specified 25 to 45 Of "total cost" Kruijff 1980 
MalaysiaIKota Kinabalu 20 Of collection costs ESKK 1981 
Pakistan/Quelta 24 Of collection costs BKH undaled 
Regarding the use of alternative types of access points instead of inspection chambers, 
Vincent et al (1%1) have reported that in Zambia replacing all inspection chambers by buried 
inspection tubes saved about 20 per cent in the total cost of the sewer line. Information on the 
cost of inspection tubes compared to inspection chambers is shown in Table 2.23. 
Table 2.23 Cost mmparisoos between inspection chambers and inspection tubes 
System Percentage saving Remarks Reference 
BrazilIBrotas 90 Size of inspection chamber used in Cynamon and Dauer 1987 
cost comparison not specified 
Brazil/RGS 20 to 26 Size of inspection chamber used in Santos and Gazen 1987 
cost comparison not specifie? 
Thaiiand/Chonburi 75 Comparison is wi th cost of the AlT and CL 1988 
"cheapest" inspection chamber 
Caymans/Georgetown 88 Size of inspection chamber used in Cowater 1986 
cost comparison not specified 
ChadIN'Djamena 33 Comparison is with cost of a 2 metre Btack and Vealch 1975 
deep inspection chamber 
Even in the few NCS designs which have specified a high frequency of inspection chamber 
type access points, substantial cost savings have still been made. In Karachi, the OPP NCS 
system reduced the unit cost of a chamber by 70 per cent by simplifying the design and 
construction specification normally adopted by the municipal authorities (Hasan 1986). The 
chambers used in the COP system, also in Karachi, were even cheaper (McGarry 1985), while in 
Pemambuco in Brazil, building inspection chambers out of terracotta instead of the concrete 
which was conventionally used cut their cost by 75 per cent (Wiseman 1988). 
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The extent to which inspection chambers are eliminated or replaced by other types of access 
point will depend on the type of sewer cleaning equipment which is available and on the extent to 
which it is anticipated solids will be excluded from the system. In connection with the latter 
point, there would seem to be less need for access points in interceptor tank NCS systems, since 
solids are designed to be excluded from the sewer lines in these designs. However, this only 
holds true so long as the interceptor tanks continue to be desludged and whatever access points 
are provided remain securely covered. 
Sewer cleaning equipment in Kenya has been reported to have an effective range of as little 
as fifteen metres (Patel et aI1977; Section 1.5.3.4), whereas Azevedo Netto (1989 a) has reported 
that in Sao Paulo in Brazil mechanical equipment is available which is capable of cleaning 300 
metres of sewer line. 
The consequence of providing insufficient access points is that any blockages which do occur 
will be more difficult to locate and clear. The sewer may suffer from needing to be frequently 
broken into with the attendant disruption of roads and pavements. Furthermore, frequent breaking 
into sewers is likely to lead to a great increase in infiltration rates (Section 1.5.3.4; Patel et al 
1977). 
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3. NCS implementation and operation 
3.1 General 
3.1.11ntrodnction 
This chapter discusses the range of implementation and operation procedures that have been 
proposed and adopted in NCS schemes. Implementation and operation will be looked at under the 
following headings: 
pre-construction; 
construction; 
operation and maintenance; and 
financing. 
In each case the general approach will be to consider the respective responsibilities of: 
the community (acting either as individuals or as members of community organizations); and 
the implementing and operating institutions. 
3.1.2 Institntions involved in NCS schemes 
The institutions involved in the provision and operation of a sewerage scheme may include 
one or more of the following: 
- central government agencies; 
local government agencies; 
- autonomous sewerage or water and sewerage authorities; 
national, regional or local non government organizations; and 
international organizations (foreign governments, development banks and aid agencies). 
As may be seen from Tables 3.1 and 3.2, all of these different types of institution have been 
either involved or recommended in NCS projects. In Brazil, autonomous water and sewerage 
authorities have played the leading role, while in Pakistan it has tended to be non-governmental 
organizations, and in Zambia and Nigeria central government agencies. 
From Tables 3.1 and 3.2 it can also be seen that in a number of cases financial and 
operational responSibility has been transferred, or proposed to be transferred, between agencies or 
"handed over" to the community at the completion of construction. Pickford (1986) has 
commented that this may well result in the transfer of a system to people and institutions ill 
equipped in terms of money, materials and trained manpower to maintain it. There are other 
examples (Tables 3.1 and 3.2) where at various stages of implementation and operation 
responsibilities are shared between different institutions. Chapter 4 will look at to what extent 
such institutional arrangements have led to problems. 
68 
Table 3.1 InstitotiOIlS iDvolftd iD impl ....... ting and operating NCS SJSfems 
System Pre-construction Construction Operation and Comments Reference 
maintenance 
ZambiaILusaka CGA CGA LGA None Vincent et al 1961 
and Ndola NHA 1979 
Nigerial CGA CGA CGAandLGA System jointly Iwugo et al 1978 a 
New Bussa operated 
Pakistan/OPP NGO NGO None lA grant covered NGO's Hasan 1986 
administration costs 
Pakistan/COP NGO NGO None NGO funded by lA grant MeGarry 1985 
Pakistan/UNlCEF lA lA None None Balfours 1987 
BrazilIBrotas CGAand LGA CGA and LGA CGA Construction funded Cynamon and 
by lA grant Dauer 1987 
Columbial NK NK LGA None Rizo Pomba 1984 
Cartagena 
CubaIMatanzas NK NK CGA Maintenance originally Azevedo 
done byLGA Netto undated b 
BrazillSao Paulo AWSA AWSA AWSA A WSA gets loans and Azevedo Netto 
grants from CGAs 1988 
and lAs C.SABESP 1988 
BrazilIRGN AWSAand AWSAand AWSA As for Brazi IISao Pauloj CAERN 1987 
LGA LGA LGAs not involved in 
all schemes 
BrazillCuiaba LGA LGA AWSA As for Brazil/Sao Paula Rondon 1989 
Brazill AWSA AWSA AWSA As for Brazil/Sao PauIa Assis and 
Rio de Janeiro Barras 1985 
Notes. 
NK = not known or not specified 
LGA;. local government authority 
CGA = central government authority 
A WSA = autonomous water and sewerage authority 
NGO = non governmental organization 
lA = international agency 
3.1.3 Comments IHl the available data 
The information available on implementation and operation procedure is in general far less 
detailed than that relating to the technical design of systems as is shown by the fact that in some 
instances not even the type of institution involved is known (Table 3.1). There are three 
exceptions, namely NCS in Rio Grande do Norte State in Brazil and the Orangi Pilot Project 
(OPP) and Community Development Project (COP) schemes in Karachi. In addition there are 
two sets of guidelines based largely on the Rio Grande do Norte and Karachi COP experiences 
(UNCHS 1986; McGarry 1985). This chapter therefore necessarily relies heavily on information 
from these sources. 
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Table 3.2 Typos or iDstitulioos ra:ommeuded for implcm ... 1iDg aud operaliDg NCS syst<ms 
System Pre-construction Construction 
Guidelines NK NK 
Guidelines AWSAor LGA AWSAorLGA 
Pakistan/Balfours NGO and LGA LGA 
Caymans! 
GeorgeTown 
St Lucia/ 
Ansc-Ia-Raye 
AWSA 
AWSA 
Thailand!Chonburi CGA 
Indonesia/general CGA 
Notes. 
NK = not known or not specified 
LGA :;: local government authority 
CGA = central government authority 
AWSA 
AWSA 
LGA 
CGA 
AWSA = autonomous water and sewerage authority 
NGO = non governmental organization 
lA = international agency 
3.2 Pre-constmction procednres 
3_2.1 Research and development 
Operation and 
maintenance 
AWSAorLGA 
AWSAorLGA 
LGA 
AWSA 
Comments Reference 
None Otis and Mara 1985 
Also stated that UNCHS 1986 
NGD could assist during 
pre-construction 
NGO to mobilize Balfours and 
community for collector EC 1987 
sewer construction 
AWSA to get loans from Cowater 1986 
lA and interest-free 
loan from CGA 
AWSA and LGA LGA to maintain 
communal sanitation 
blocks 
Cowater 1989 
LGA 
LGA 
LGA to get CGA grant Air and CL 1988 
for construction 
1As to fund pilot scale ITS 1989 
NCS projects 
A feature of some of the most widespread NCS schemes has been the development of 
appropriate technical designs and construction methods by locally based institutions. Most 
notably, in the Brazilian State of Rio Grande do Norte, the research done by Ihe Low Cost 
Sanitation Technical Unit of CAERN, the State water company, formed the basis of the NCS 
system known as condominial sewerage (UNCHS 1986). In Karachi access points and interceptor 
tanks were simplified and made less expensive as a result of work carried oul by members of the 
opp organization (Hasan 1986). Similarly, the CDP project in Karachi reduced costs by 
developing its own sullage trap design and making use of cheap locally available stone for 
constructing the system's access points and treatment plant (UNCHS 1986). 
3.2.2 Setting die order of ronstmction 
It has been reported (CAERN 1987) that in Rio Grande do Norte in Brazil the order of sewer 
construction depends on the enthusiasm for the scheme which is shown by residents and 
municipalities in various districts. In the case of local government authorities, this is 
demonstrated by a willingness to provide the water authority with land for treatment plants, to 
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help the water authority mobilize the community, and to help the community with the building of 
the system (CAERN 1987). In the case of the community, it is shown by the signing of user 
agreements between residents and water authority. The agreements state that the signatory wishes 
the water company io lay a collector sewer, is prepared to pay the specified tariff for it, and 
agrees to maintain the stretch of collector sewer constructed on his or her plot (CAERN undated 
c). The collector sewer is not built until agreements have been signed by all the residents in the 
block of houses served by the sewer; the aim is to stimulate a sense of competition for sewerage 
among municipalities and housing blocks (CAERN 1987). 
In Karachi, residents of a lane receive OPP's help in the construction of their lane sewers only 
once they have selected two of their number to make a formal request to the OPP (Hasan 1986). 
Some sewers serving more than one lane have been financed by municipal grants obtained by 
local councillors, often under pressure from the community (Hasan 1986). The majority, 
however, have been paid for by the community themselves (Table 3.5). The order of construction 
is determined therefore partly by the political influence wielded by particular councillors, but 
mainly (as in the case of the lane sewers) by a community'S enthusiasm, its willingness to pay 
and its ability io organize. 
McGarry (1985) has recommended that the order of construction should be set by releasing 
revolving fund loans for construction to a community organization only after the residents have 
raised half of the construction cost from their own resources. 
In Indonesia it has been recommended (JTS 1989) that NCS construction should where 
possible be coordinated with pavement and surface drainage improvements. 
3.2.3 Mobilizing the community 
3.2.3.1 CommODity involvement in NCS schemes 
Community involvement has been an important factor in the implementation and operation of 
the majority of NCS schemes in Pakistan and Brazil. Guideline works such as UNCHS (1986) 
and McGarry (1985) are also in favour of this strategy. 
3.2.3.2 People and institntions RSpOnsible for commODity mobiIization 
In Rio Grande do Norte in Brazil, the State water company prefers to entrust the task of 
community mobilization to the relevant municipality (CAERN 1987). This approach was also 
recommended for NCS in Rio de Janeiro (Assis and Barros 1985). 
In the case of the OPP, which is a non governmental organization, community mobilization 
for involvement in NCS is managed by the OPP's own "social organizers". Hasan (1986) has 
reported that such people were selected from among the residents of the project area by the 
Director of the OPP. They have "an element of radicalism" in common, and their shared 
background as activists in community organizations has enabled them to communicate easily 
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with residents, organize meetings and settle disputes. Weekly OPP staff meetings have enabled 
the social organizers to share and learn from each others' experiences. They have also been 
encouraged to write for a magazine which is published by the OPP. 
In the case of the CDP in Karachi, the community relations officers of the implementing 
agency were responsible for community mobilization. McGarry (1985) has reported that the CDP 
also employed "under-cover informants" from among the residents to gather "social 
intelligence", in order to select suitable community members to publicize the project and 
motivate the community as a whole. The CDP's Director considered the use of such informants 
essential in order to avoid "stepping on the wrong person's toes" (McGarry 1985). 
General guidelines from UNCHS (1986) recommend that the task of mobilizing the 
community be managed by one of the following types of institution: 
the water company (if there is one);. 
the municipal authority; or 
delegated by the company or municipality to an NGO. 
In all cases trained sociologists should be employed to do the work (UNCHS 1986). 
McGarry (1985) in his evaluation of the CDP was not in favour of the Project's use of 
"under-cover informants"; instead he recommended that social workers employed by the 
implementing agency should manage the process of community mobilization openly. In contast 
to the OPP approach, he recommended that no one should be employed in such work who is a 
resident in the project area. 
3.2.3.3 Social unit of community involvement 
The level at which community mobilization for NCS schemes has predominantly taken place 
is that of the individual street or block of houses. In Rio Grande do Norte in Brazil, for example, 
drainage basins are divided up for the purposes of organizing community participation into 
blocks (CAERN 1987). In one early NCS scheme such blocks consisted of, on average, about 35 
households (UNCHS 1986). This size of group has been reported (Sinnatamby et al 1986) to 
favour peer group pressure as well as a sense of obligation to neighbours. 
In Karachi, the OPP chose the lane. as the unit of organization for its low cost sewerage 
programme. Abbott (1985) has reported that lanes are made up of between 20 to 40 households. 
Hasan (1986) has stated that working at this level minimized mistrust, since everyone involved in 
the collection of funds for the construction of a lane sewer knew all the other participants 
engaged in the undertaking. It had the additional advantage of minimizing interference with 
existing local political structures, since these were based on the larger units of neighbourhoods 
and sectors (Hasan 1986). 
McGarry (1985) has stated that in the CDP sewerage project in Karachi the collection of 
funds was organized at the level of the entire project area, which consisted of over 400 
households (McGarry 1985). 
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NCS guidelines have recommended the adoption of blocks and lanes as the basic unit of 
organization for the process of community involvement (UNCHS 1986; McGarry 1985). 
3.2.3.4 Community mobiIizatioD tactks 
Andrade Neto and Tinoco Filho (1985) have reported that in Rio Grande do Norte in Brazil 
large general meetings are used to publicize the NCS system and mobilize the community in its 
favour; after this has been achieved meetings with individual blocks of houses are held to discuss 
the details of implementing the system. Scale models have been used to explain the technology 
(Sinnatamby 1983), and the State water company has also produced slides, tapes, posters, 
pamphlets and booklets explaining the importance of sanitation to good health, the 
appropriateness and cheapness of NCS as compared 10 conventional sewerage, and the action that 
is required of a community in order to initiate an NCS project (CAERN undated d and e). 
On the other hand, after experience gained during the implementation of a pilot project 
involving NCS, Greenhalgh (1984) has recommended house meetings as being more effective 
than meetings wi th larger sized groups. 
In Karachi, the OPP publicized NCS by producing posters, models, slides and other audio 
visual aids (OPP 1989). It has been reported that usually it is only after several meetings that lane 
residents are mobilized to participate in implementing the sewerage system; over five thousand 
meetings were necessary for 2145 lanes (OPP 1987). The CDP NCS project, on the other hand, 
was described at a general meeting attended by over 2000 people (McGarry 1985). 
The UNCHS (1986) guidelines have recommended that NCS is initially publicized by 
identifying community leaders and informing them about the technOlogy, its benefits and its need 
for participation from all members of the community. With the leaders' consent, general meetings 
are convened at which the NCS concept is introduced to the wider community, with the aid of 
models if necessary, and permission obtained to conduct door to door surveys for the preparation 
of detailed designs for presentation at block meetings (UNCHS 1986). 
McGarry (1985) has recommended that project social workers start by talking with several 
small groups of householders in each lane, out of these groups lane committees may be formed, 
and these in turn can be brought together at general community meetings at which it is important 
to present a detailed description of project design and cost. 
The use of demonstration sewered streets or blocks has also been recommended (UNCHS 
1986; Greenhalgh 1984) as a means of enabling all residents in the project area 10 observe the 
NCS technology in action. Demonstration sewered areas have also been used in Rio Grande do 
Norte (Sales et al 1985). 
3.2.4 Other pre-alDStructioD activities 
In Rio Grande do Norte in Brazil, the State water company carries out physical surveys and 
designs the sewer network and treatment plants (CAERN 1987). 
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Under the OPP, lane residents select two of their number as "lane managers" (Hasan 1986). 
The lane managers receive training in construction management from the OPP (OPP 1989). The 
OPP has carried out physical surveys of the project area, using local university students (Maskrey 
and Turner 1988), and has provided plans, designs and cost estimates to lane managers requesting 
assistance (Hasan 1986). The lane managers are responsible for resolving any disputes which 
arise due to undertaking the project, and for arranging the purchase of building materials and 
hiring of masons and other required labour (Hasan 1986). 
All of the surveys, designs, estimates and construction planning for the CDP project in 
Karachi were carried out by the staff of the project (McGarry 1985). 
UNCHS (1986) has recommended that 1:2000 physical surveys of the entire project area are 
initially carried out by the implementing agency; that sociologists and technicians are employed 
by the agency to undertake socio-economic and water usage surveys of a sample of households; 
and that agency technicians carry out physical surveys of all blocks. Block surveys should be 
done on a scale of 1:500 and the route to be followed by.block.collector sewersshould be deCided 
in.close consultation with residents. 
Sinnatamby (1983) has commented that surveys "should not only be seen as a means to 
obtaining certain demographic information, but should also serve as a means by which those 
involved in the programme become familiar with the conditions of the area in which they are 
working". 
The final design of block sewers should be agreed at the block meetings convened to 
consider the results of the surveys, and the block sewer layouts used to determine the final layout 
of street sewers. Legally binding agreements may be required, with residents signing a form 
requesting connection to the system; in such cases the construction of block sewers should begin 
only when "an adequate number of signed requests have been obtained" (UNCHS 1986). 
McGarry (1985) has recommended that the implementing agency carries out a socio-
economic survey and a physical survey from which detailed plans and costs can drawn up. It 
should also be responsible for engineering design, and provide training, technical assistance and 
organizational support to the lane committees (Section 3.2.3.3) who bear the final responsibility 
for organizing construction. 
3.3 Construction 
The preferred State water company policy for NCS in Rio Grande do Norte in Brazil is for 
reSidents, assisted with advice and materials from the municipal authority, to construct all house 
and collector sewers on private property (CAERN 1987). The company supervises the work, 
provides technical assistance, and has produced a leaflet showing the materials and construction 
procedures required for connecting sanitary fixtures to the nearest collector sewer (CAERN 
undated a). The company uses contractors to construct all other sewers, together with any 
pumping stations or treatment plants in the system. In some schemes the municipal authority has 
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not been involved. In such cases the water company has either taken responsibility for all 
construction, including that of house sewers (Melo et al 1983), or alterntively has assumed 
responsibility for the collector sewers only and left the community to build house sewers and 
connect up to the system (CAERN 1988). 
In the OPP sewerage project the residents, in the form of the lane managers, have the overall 
responsibility of organizing and supervising the construction of lane sewers (Hasan 1986). Khan 
(1984 a) has noted that women residents pay an important role in the supervision of construction 
and are especially effective because they are present throughout the day. The Project loans tools 
and shuttering for the construction (Khan 1990), keeps records of good and reliable tradesmen 
(Khan 1983), and, when invited, helps supervise the work (Khan 1984 b). The OPP has been 
involved in supervising the construction of about 32 per cent of the total length of community-
financed lane sewers built in Orangi (Table 3.3); the remainder have been wholly supervised by 
the residents (Table 3.3). Small locally based contractors and, less commonly, the residents 
themselves do the building. 
Table 3.3 C<Jostroctioo, snpe<Yisioo and cost or Onmgi lane sewers 
Construction and supervision 
Built by small contractors; supervised by OPP 
Built by small contractors; supervised by users 
Built by large contractors; supervised by LGA 
Total 
Note 
Length of sewer 
(motres) 
89539 
189 926 
34267 
313732 
1. LGA;:;: local government authority. in this case the Karachi Metropolitan Corporation 
Source: adapted from OPP (1989) 
Cast per running 
metre (rupees) 
52.07 
49.97 
295.08 
For sewers serving more than one lane, or secondary drains as the OPP refers to them, the 
construction and supervision procedures are summarized in Table 3.4. 
Tables 3.3 and 3.4 emphasize the reported cost differences between using large and small 
scale contractors in Karachi. The construction work carried out as part of the OPP sewerage 
programme by small contractors and members of the community between 1981 and the end of 
1985 would have cost between four and a half and six times as much if it had been done by the 
large contractors usually employed by the municipal authority for sewer construction (Hasan 
1987). 
The provision of trunk sewers and treatment facilities is seen by the OPP as being the 
responsibility of the municipal authorities such as the Karachi Metropolitan Corporation (Hasan 
1986), although to date none have been provided in Orangi. 
The construction of house sewers and interceptor tanks in the OPP system has been the 
responsibility of individual householders (Abbott and Lumbers 1985). 
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Table 3A CoostructioD, supenisioo and cost of S<CODdary dntios io Onmgi 
Construction and supelVision 
Built by small contractors; supervised by DPP 
Built by small contractors; supervised by residents 
Built by large contractors; supervised by DPP 
Built by large contractors; supervised by LGA 
Total 
Note 
Length of sewer 
(metres) 
15101 
8598 
7054 
7922 
38675 
1. LGA = local government authority, in this case the Karachi Metropolitan Corporation 
Source: adapted from epp (1989) 
Cost per running 
metre (rupees) 
65.67 
65.67 
295.08 
295.08 
In the CDP sewerage project the implementing agency constructed all parts of the system 
including the house sewers and sanitary fixtures (McGarry 1985). 
UNCHS (1986), as part of its recommended implementation procedure for NCS, has 
emphasized the key role of the local authority technician (who may be from either the 
municipality or a water authority) who supervises the construction of house and block sewers and 
who has the opportunity to train residents in the operation and maintenance of the system. 
Construction of this section of the network should be done by small contractors, with local 
residents perhaps being employed as well. Greenhalgh (1984) has reported that cost savings 
obtained by involving the community in the construction of a small NCS system in Ibura in 
Brazil were small. Even so there may be important non-monetary benefits such as the users' 
improved understanding and increased sense of ownership of the system. 
UNCHS (1986) has recommended that the construction of all collector and trunk sewers is 
done by small subcontractors (supervised by a technician or an engineer from the municipal or 
water authority), since attempts by agencies to employ their own direct labour for construction 
have been reported to be inefficient. Similarly, in Brazil the employment of small finns on NCS 
schemes has been shown to create savings of up to third (Sinnatamby 1983). Due weight should 
also be given to the positive technical training and income generating effects Ihat the employment 
of locally based small contractors can have in low income communities (UNCHS 1986). Larger 
works, however, such as pumping stations and treatment facilities should be built by large 
contractors (UNCHS 1986). 
McGarry (1985) has recommended an approach similar to that used by the OPP in Karachi, 
with committees of residents (at the lane and sub drainage basin level) organizing construction, 
employing small contractors or doing the work themselves, and the Project agency confining 
itself to an advisory role (McGarry 1985). 
In a feasibility study for low income areas .in Karachi, Balfours and EC (1987) have proposed 
that the municipal authorities construct trunk sewers and treatment facilities, but that the 
construction of collector sewers and on plot parts of the system should be paid for by the users 
and managed by an NGO. The role of the municipal authority should be limited to providing 
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some administrative and technical support. 
Rizo Pombo (1984), for interceptor tank NCS in Columbia, has recommended that residents 
should be responsible for the construction of any required sanitary fixtures, toilet superstructure 
and interceptor tank. 
For NCS in Indonesia and the Cayman Islands, regulations making it mandatory for 
householders to construct house sewers have been recommended (Cowater 1986; ITS 1989). 
3.4 Operation and maintenance 
Unless stated otherwise in this section, responsibility for operating and maintaining all 
collector and trunk sewers and treatment plants lies with the institutions listed in Tables 3.1 and 
3.2. This section focuses on the role played by users in maintenance. In most cases this role is 
confined to the on plot parts of the system, but in some NCS systems it extends to maintaining 
some or all of the collector sewers. 
In the area of operation and maintenance there is a significant distinction between interceptor 
tank and solids transporting NCS systems, since the former require that sludge containing excreta 
is regularly emptied out of interceptor tanks and disposed of safely. 
For interceptor tank systems in Zambia, Columbia and Cuba, maintenance of the entire 
system, including the tanks, is reported to be done by either municipal or central authorities 
(Todd 1985; Rizo Pombo 1984; Azevedo Netlo undated b). On the other hand, feasibility studies 
for the Cayman Islands and Indonesia have proposed that the water company or municipal 
authority, while bearing the ultimate responsibility for desludging, should contract the service out 
to the private sector (Cowater 1986; ITS 1989). 
In the New Bussa NCS system in Nigeria and the Brotas system in Brazil, the householder 
has responsibility for tank desludging (Iwugo et al 1978 a; Azevedo Netlo 1989 a). In the Brotas 
system tank maintenance is closely supervised by the operating agency. Users are also 
responsible for interceptor tank desludging in the OPP sewerage system in Karachi (Abbott 
1985). It has been reported that residents usually hire someone to do the desludging (Hasan 
1986), although the OPP has issued a desludging information sheet for residents who do it 
themselves (Khan 1984 c). 
Under the OPP scheme residents are also responsible for maintaining the collector sewers 
(OPP 1988). There is no formal procedure for the establishment of community organizations to 
do this because the OPP and its Director did not see the need of developing formal maintenance 
organizations among residents, believing rather that people would come together and make their 
own maintenance arrangements when operating problems occurred (Hasan 1987). Section 4.9.1.3 
reports to what extent this has occurred. Abbott and Lumbers (1985), in their evaluation of the 
OPP system, recommended that lane sanitation committees should be set up to maintain both on 
and off plot parts of the OPP system. 
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In solids transporting systems in Rio Grande do Norte in Brazil, residents have the 
responsibility of maintaining all house and collector sewers on private property, while the water 
company maintains the rest of the system (CAERN 1987). Part of the maintenance required is the 
weekly emptying of sullage traps. Leaflets have been produced by the company which illustrate 
how to clear blockages and effect simple pipe repairs (CAERN undated b and I). 
The CDP sewerage project planned for the community to be responsible for maintaining all 
parts of the system (including its trunk covered surface channel and treatment tank), and for a 
residents' committee to beset up to organize maintenance (McGimy 1985). 
UNCHS (1986), following the procedure adopted in Rio Grande do Norte in Brazil, has 
recommended that users should bear the responsibility of maintaining all parts of the system 
located on private property (including collector sewers), while the implementing agency 
maintains all pumping stations, treatment plants and sewers on public land. The guidelines have 
suggested that signed and legally enforceable agreements specifying maintenance responsibilities 
may be needed from all residents. Training in maintenance procedures should be provided to 
residents during construction, while if, for cultural reasons, the community cannot assume 
maintenance responsibility, it is recommended that a specialized group of persons should be 
entrusted with the task and trained appropriately by the implementing authority (UNCHS 1986). 
McGarry (1985) has recommended that all maintenance be made the responsibility of 
community institutions, specifically the same lane and sub drainage basin committees formed to 
manage the construction of the sewers (Sections 3.2.3.3 and 3.3). 
3.5 Financing 
For Brazilian NCS systems implemented by state water companies in Rio Grande do Norte, 
Sao Paulo, Pernambuco and other states, funds for treatment plants, trunk and collector sewers 
have usually been obtained in the form of loans from national government agenCies and 
international lending institutions such as the World Bank (Azevedo Netto undated a; 
MDU/PNUD 1986)). Sinnatamby (1983) has reported that in the early 19805 the terms for loans 
from the Brazilian national development bank were: 
- an annual interest rate of 3%; 
- a grace period of 1 to 3 years; and 
- a maturity period of 40 years. 
The companies recover costs by means of service charges, expressed as a percentage of the water 
tariff (Azevedo Netto undated a). Sinnatamby (1983) has reported that Brazilian tariff legislation 
has specified that the tariff for water or sanitation should not exceed 5 per cent of a minimum 
wage (approximately 55 U.S. dollars a month in 1983), and that the combined charge for both 
services should not exceed 7 per cent. 
In Rio Grande do Norte, users are charged 40 per cent of the water tariff for sewerage if they 
opt for NCS as opposed to the 80 per cent paid by people with conventional sewerage (CAERN 
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1987). UNCHS (1986) has stated that "full cost recovery" of capital and operating costs has been 
achieved with tariffs set under these terms. 
House sewers are generally paid for directly by the users, sometimes with assistance from 
local government. In some schemes in Rio Grande do Norte, collector sewers built on private 
property have also been paid for in this way (Azevedo Netto undated a). Further details of the 
municipalities' financial involvement have not been obtained. In one scheme house sewers were 
built with water company funds and the cost recovered by means of tariffs (UNCHS 1986). 
The Karachi residents who have taken part in the OPP sewerage programme have not had the 
benefit of any subsidies or formal loan facilities, although the sewerage programme's 
administration costs, together with the costs of the tools and shuttering it uses, have been met by 
a grant from an international lending institution. The residents' lane managers raise, look after 
and disburse all money for lane sewers (Hasan 1987). OPP (1986 a) has reported that money is 
often collected in installments as construction continues rather than in full before work begins. 
Mustafa (undated) has reported that for lane residents too poor to pay their share, the cost is 
divided among the other households in the street. Householders meet the costs of house 
connections individually. Sewers serving more than one street have been financed as shown in 
Table 3.5. 
Table 3.S Funding of secondary drains in Onmgi 
Source of funds Length of sewer Total cost (rupees) 
(metres) 
Residents 23 699 1 556313 
Karachi Metropolitan Corporation 14976 4419118 
Source: adapted from OPP (1989) 
All maintenance costs are met by the users. OPP do not have any formal procedure by which 
this is done. Abbott and Lumbers (1985) proposed that maintenance costs should be covered by 
means of a monthly contribution from all households to a lane maintenance fund managed by a 
lane sanitation committee. 
The CDP built the off plot parts of the system with money provided by an international 
lending institution and then collected payment from the community. UNCHS (1986) has stated 
that a member of the community was nominated by other residents as the custodian of all funds 
raised. 
The preferred procedure of the UNCHS (1986) set of guidelines is for implementing agencies 
to raise sufficient funds to construct all parts of the system by means of government loans, and 
subsequently to recover all capital and operating costs from the users by means of monthly 
tariffs, often in the form of a percentage added to the wa ter tariff. In cases where construction 
costs have to be raised in full from the community before work can begin, it is recommended that 
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an NGO is used to organize the fund raising process (UNCHS 1986). 
McGarry (1985) has proposed that the project agency provide funds to set up a revolving 
fund system and that the responsibility of collecting funds from the community and disbursing 
them be assumed by committees of residents. Once residents have raised half the estimated 
construction cost of all parts of the system, the project agency make them an interest free loan 
from the revolving fund for the balance of the cost, the loan to be repaid in monthly installments 
at such a rate that payments are complete prior to the completion of construction and connection 
of all households to the system. Once repaid, the revolving fund money is then loaned out again 
to another committee of residents. In line with OPP practice, McGarry (1985) has also 
recommended that the poorest residents are identified and payments made on their behalf by the 
rest of the community. Maintenance should be financed by means of a monthly charge payable to 
the community institutions set up to carry out maintenance (Section 3.3), the charge being 
equivalent to the sum previously paid by households for the removal of nightsoil (McGarry 
1985). 
NCS systems in Bolivia are subsidized by grants from central government (Azevedo Netto 
1989 b). Feasibility studies for interceptor tank NCS systems in Columbia and in the Cayman 
Islands have stated that the implementing authorities could achieve full cost recovery by means 
of user tariffs. In Columbia a system of differential tariffs was proposed so that poorer users were 
subsidized by better-off residents (Rizo Pombo 1984). In the Caymans, soft loans were available 
for the scheme from the government and from a regional development bank (Cowater 1986). 
On the other hand, in Chonburi in Thailand, it was concluded that the central and local 
government authorities would have to pay the capital cost of collection and treatment in the form 
of grants, with residents paying directly for the on plot parts of the NCS system including its 
interceptor tanks. User tariffs would be used only to cover operating costs (AIT and CL 1988). 
Similarly, in Indonesia JTS (1989) concluded that initially only the operating costs of NCS 
systems could be recovered by user charges in the form of a percentage addition to water tariffs. 
The capital cost of pilot NCS systems was expected to be met by international aid agencies. It 
was concluded that subsequent schemes would require central government subsidy, although it 
was stated that the proportion of grant funding ought to be reduced over time (JTS 1989). Cross 
subsidization was recommended to enable part of the cost of NCS in low income areas to be met 
from revenue collected from the users of conventional sewerage in middle and high income 
areas, from industrial users of sewers, and from the wider community benefitting from the 
environmental improvement provided by sewerage (JTS 1989). 
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4. Evaluation of implemented NCS systems 
4.1 General 
In this chapter, the available information relevant to an evaluation of NCS systems 
implemented in developing countries (Table 1. 7) will be summarized. Followin~ the World 
Health Organization's guidelines (WHO 1983), the systems will be evaluated in terms of: 
- how well they function; 
- how widely they are utilized; and 
their health, environmental and other impacts. 
In addition the cost of the systems will be evaluated. 
4.2 Fnnctioning 
The function of any sewerage system is to contain and transport excreta and sullage away 
from the households where waste water is generated. Indicators of good functioning for a 
sewerage system, therefore, are the absence of blockages and overflows and the presence of 
secure access point covers. 
Successful system functioning depends firstly on an adequate and appropriate standard of 
design and construction. After installation, the success with which a sewer system continues to 
function depends upon its maintenance requirements and on whether or not the users or operating 
institutions fulfill those requirements. 
4.3 Utilization 
Utilization takes both usage and coverage into account (WHO 1983). Usage refers to 
households that are connected to a sewerage system. It is an assessment of whether or not all 
household members are using the facilities, in the sense that all waste water from the household 
(incl uding sullage) is entering the sewers. 
A sewerage system's coverage may be presented in a number of different ways such as, for 
example: 
the number of households connected to the system; 
the proportion of all households within reach of collector sewers who have built house 
sewers and connected up to the system; 
the proportion of all households in the system's project area who have collector sewers within 
reach; or 
the size of the system's project area relative to the total population of the town, city or region 
in which it lies. 
4.4lmpact 
If a sewerage system functions well and is widely used, it may be expected to achieve health 
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and environmental improvements. Other benefits may also result such as, for example, an 
improvement in community relationships and consequent progress in other community 
development projects~ On the other hand, there may be negative impacts, for example an increase 
in surface water pollution, which should also be included in any overall impact evaluation. 
4.5 Cost 
A cost evaluation of an NCS system would aim to determine: 
how the cost of the system compares with the cost of alternative technically feasible and 
socially acceptable sanitation options for a particular site; and 
the affordability of the system. 
There are a number of difficulties involved in attempting to draw conclusions from the data 
available concerning the above two points. 
4.5.1 Cost COmpar9JDS 
Essentially the problem is one of ensuring that cost comparisons between different sanitation 
systems are done on as equal a footing as possible. 
4.5.1.1 Different sites 
For the reasons referred to in Section 2.2 the cost of sewerage (and of other sanitation options 
as well) is influenced by particular site conditions. The comparison of costs derived in different 
locations may therefore be misleading and will certainly make it difficult to draw conclusions 
about how particular technologies would compare in a given site (Kalbermatten et al1982 a). 
4.5.1.2 Overtooked costs 
Quoted sewerage costs often omit such on plot costs as sanitary fixtures and flushing water, 
and sometimes do not even include the cost of house sewers and interceptor tanks. These costs 
may add up to a substantial proportion of total costs. Kalbermatten et al (1982 a) have reported 
that in the case of five conventional sewerage systems in developing countries, on plot and flush 
water costs amounted to an average of 50 per cent of total system costs. 
On the other hand, if an on site system is being compared to a sewerage system, the cost of 
sullage collection facilities must be included unless sullage can be safely dealt with by means of 
already existing facilities. For all systems, recurrent as well as investment costs should be 
included. 
4.5.1.3 Economic costing 
For a true assessment of the relative cost of different systems to the national economy of a 
country, it may be necessary to shadow price the unskilled labour and foreign exchange 
components of the systems' costs. If shadow pricing is not done, for example, in the case of a 
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comparison involving a sewerage system which calls for imported materials and an on site system 
which makes no such demands, the cost comparison may be biased in favour of the former. 
Similarly, if the costs of a system over time are being discounted to give a present value, the true 
opportunity cost of capital should be used as the discount rate, rather than market rates of interest. 
As a demonstration of how significant this point may be, Kalbermatten et al (1982 a) have 
reported that in one Islamic country the market interest rate was set by law at 3 per cent whereas 
the opportunity cost of capital was estimated to be 16 per cent. 
4.5.1.4 life cycle costing 
Different types of sanitation system have different design lives and varying rates of 
utilization. It is likely, for example, that the design life of a sewerage system will be longer than 
that of a sanitation system based on pit latrines. It is therefore equally likely that investments in a 
sewerage system will not be fully utilized for several years because of the initial excess capacity 
with which such a system is provided. This tendency is exaggerated in cases where rates of 
connection to the sewerage system are low. If fair comparisons are to be made between such 
" systems, incremental costing techniques should be used. For example, the average incremental 
cost (AlC) per capita or the total cost per household (TACH) should be calculated. Both involve 
dividing the sum of the present values of a system's capital, operating and replacement costs over 
time by the sum of the present values of the incremental persons (or households) served by the 
system over the same period of time (Kalbermatten et al 1982 a). 
4.5.1.5 Different benefits 
Different sanitation systems offer different benefits (both real and perceived) to the users. 
Differences in health and environmental benefits exist between systems depending on the degree 
of treatment they incorporate, the degree to which they prevent contact between people and 
excreted pathogens, the degree to which they limit insect breeding in sullage or excreta, and the 
degree to which they keep sullage and excreta out of sight. 
Sewerage systems are usually perceived as providing the benefit of a higher standard of 
convenience than most on site systems. With the exception of interceptor tank NCS systems, 
users do not have a pit or tank on their plots which requires periodic desludging or resiting. 
Sewerage and the more expensive on site systems such as conventional septic tanks also deal 
with sullage and excreta simultaneously, with no carrying of the former being necessary. More 
intangibly, sewerage systems are considered to be a higher status form of sanitation than, for 
example, leachpit latrines. 
- - - -
Quantifying the benefits ot sanitatioiJsystems may be impossible, but a qualitative awareness 
of the likely differerices between alternative "sanitation options in these areas is impoitant'because 
people's perceptions of. thc~benefits or atiractioiJs of different sanitatiori systems are likely to have 
an important effect on the amount they are willing to pay for them (Section 4.5.2). 
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4.5.1.6 Cost comparisons involving onimplemented NCS designs 
Cost comparisons between implemented NCS systems and alternative sanitation options will 
be quoted in the relevant sections later in this chapter. Tables 4.1 and 4.2 summarize the available 
information concerning unimplemented NCS designs. 
As may be seen from both Tables 4.1 and 4.2, many cost comparisons omit operating costs. 
There is also a Shortage of economic or incremental cost comparisons and very few cost 
comparisons include flush water costs. 
As Table 4.1 shows, very few comparisons involving unimplemented solids transporting 
NCS systems were obtained. They were reponed to be between 28 and 84 per cent cheaper than 
conventional sewerage, and as little as 33 per cent more expensive than an on site excreta 
disposal system which had no provision for sullage collection. 
As Table 4.2 shows, interceptor tank NCS has mostly been compared with conventional 
sewerage. Where it has been compared with on site excreta disposal options, in Thailand and 
Indonesia, it is reported to cost several times as much, although the price difference would be 
lessened if the cost of sullage collection were added to the on site option's cost. 
In cost comparisons with conventional sewerage in Ethiopia and Indonesia, the cost of the 
interceptor tanks was excluded from the total cost of the NCS system. The reported cost savings 
of NCS in these sites only apply therefore if all households already possess suitable tanks which 
can be incorporated into the system. 
In the remaining cost comparisons interceptor tank NCS was reponed to be between 9 and 62 
per cent cheaper than a conventional sewerage system for the same site. 
Table 4.1 Cost comparisollS betw""" solids transpol1iDg NCS systems and other forms of sanitatioo 
Site Sanitation Type of cost 
Indonesial 
genera! 
Indonesia! 
general 
Brazii/Rio 
Grande do Sui 
Notes. 
with which 
NCS compared 
cs 
Twin. 
, 
leachpit 
latrines 
CS 
1. CS = conventional sewerage 
Construction; 
financial; 
per capita 
Construction; 
financial; 
per capita 
Construction; 
financial; 
total cost of 
scheme 
Cost difference Remarks Reference 
NCS 72% or 
84% cheaper 
NCS 33% or 
133% more 
expensive 
NCS28% 
cheaper 
Cost difference depends ITS 1989 
on whether sewers are laid 
at same time as paths are 
sealed and surface drains 
installed 
Cost difference depends JTS 1989 
on above·mentioned 
factors; on site option 
costs excl ude cost of 
sullage collection 
Santos and 
Gazen 1987 
2. Unless otherwise stated, the cost of water used for flushing is not included in the comparisons. 
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Table 4.2 c- cnmparisoos _ ..... ~pIortank NCS oystems aad otberforms ofliBDitatioa 
Site Sanitation Type of cost Cost difference Remarks Reference 
with which 
NCS compared 
Thailand! CS Construction; NCS 15% AIT and CL 1988 
Chonburi financial; total cheaper 
cost of scheme 
Thailand! Twin Construction; NCS703% On si le option costs A1T and CL 1988 
Chonburi leachpit financiaJ; total more expensive exclude cost of sullage 
latrines cost of scheme collection; leach pits 
assumed to serve 
household of 5.5 people 
Brazil/Natal CS Construction and NCS 42-52% Cost of t1 ushing water Sinnatamby 1983 
(Quintas, Mae operating; cheaper included for both options 
Luiza and Felipe economic; TACH 
Camamo) 
Brazil! CS Construction and NCS9% Costs discounted at 10% Lauria 1981 
not known operating; financial cheaper to give a present value 
cost per capita 
Caymans! CS Construction; NCS41% NCS costs assume that Cowater 1986 
GeorgeTown financial; total cheaper 8% of required 
cost of scheme interceptor tanks 
already exist 
St Lucia! CS Construction; NCS 25% Cowater 1989 
Anse-Ia-Raye financial; total 
cost of scheme 
cheaper 
Pakistani CS Construction; NCS 55-62% Cost difference depends Balfours and 
Balfours financial; total cheaper on sewer layout EC 1987 
cost of scbeme 
Chad/ CS Construction; NCS 11% Black and Veatch 
N'Djamena financial; total cheaper 1975 
cost of scheme 
Nigeria/ CS Construction and NCS45% Costs were discounted at Hansen and 
Lagos operating; financial cheaper 15% to give a present Therkelsen 1978 
total cost of scheme value 
Kenya! CS Construction and NCS46% Cost of flushing water Kruijff 1980 
general operating; cheaper included for both options 
economic; Ale 
per capita 
Ethiopia! CS Materials cost; NCS62% NCS costs exclude the Hailu 1988 
Addis Ababa financial; cost cheaper cost of interceptor tanks 
per household 
Indonesia/ CS Construction; NCS40% NCS costs exclude the JTS 1989 
general financial; 
per capita 
cheaper cost of interceptor tanks 
Indonesia/ Pour flush Construction; NCS400% On site option costs JTS 1989 
general toilet with financial; 
two leachpits per capita 
more expensive exclude cost of SUllage 
collection 
Notes. 
1. TACH;: total annual cost per household 
2. AlC = average incremental cost 
3. CS = conventional sewerage 
4. Unless otherwise stated, the cost of water used for flushing is not included in the comparisons. 
45-2 Afronlability 
User affordability depends firstly on what users have to pay and secondly on whether they are 
85 
both able and willing to pay it. The first depends not only on the cost of the system but also on to 
what extent the cost can be spread over time and on any subsidy provided by the authorities. With 
regard to willingness to pay, it is now generally agreed (Briscoe and Ferranti 1988; WHO 1989) 
that affordability measurements expressed in terms of income percentages (3 to 5 per cent of 
income is the figure usually quoted) are too simplistic and that a user's willingness to pay for a 
sanitation system is also a function of the benefits (health, convenience and others) which the 
user perceives the system offers. 
"Affordability" must also be looked at from the authorities' point of view, since they may 
make sewerage very affordable to a small percentage of the population by providing a subsidy 
which they cannot sustain, in the sense of being able to extend it to the remainder of the 
population. 
The available information on the affordability or otherwise of implemented NCS systems is 
included in the appropriate later sections of this chapter. As regards unimplemented proposals, 
what little information there is relates to interceptor tank systems. Black and Veatch (1975) have 
concluded that an interceptor tank NCS system for N'Djamena in Chad could not be afforded by 
either the potential beneficiaries or by the authorities. Similarly, on the basis of a cost evaluation 
for a town in Brazil, Demke and Lauria (1982) stated that, if tanks needed to be newly built and if 
there was to be full cost recovery from the users, interceptor tank NCS was "clearly out of reach 
for a large segment of the population in developing countries". AIT and c:L (1988) also 
concluded that, for Chonburi in Thailand, the tariffs necessary for full cost recovery on an 
interceptor tank NCS system "would cause an intolerably high increase in the level of household 
expenditure on utilities"; as such it was recommended that the system should be subsidized by 
government and only built in areas where on site sanitation was not technically feasible. 
4.6 Commenls on the available data 
Reasonably detailed information exists concerning the functioning of NCS in Zambia, 
Nigeria, Pakistan, and Rio Grande do Norte State in Brazil. In the first two cases the information 
dates from around 1978; for Pakistan and Rio Grande do Norte it is from about 1985. There is 
also some information available concerning the health and environmental impacts of NCS in 
Pakistan. For the remaining systems it has not been possible to obtain detailed information about 
functioning and impacts. 
Very little information exists concerning the usage of NCS systems, Pakistan again providing 
the only exception. Information relating to coverage is available in greater quantities. The most 
striking feature of such information is the high proportion of NCS sytems that have been 
implemented on only a pilot scale (Table 1.7). ·This has two conflicting implications depending 
on how coverage is defined. While pilot systems tend to be connected to by a high proportion of 
the community within the limited project area, overall coverage (in terms of the proportion of 
total urban populations served by NCS systems) remains very low in nearly every country. 
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4.7 Zambia 
4.7.1 Utilization 
Zambian interceptor tank NCS systems were installed during the 1950s in planned housing 
projects in a number of townships in Lusaka and Ndola. The Zambian National Housing 
Authority (NHA) reported that 1156 sewered aqua privy units were installed in Matero township 
in Lusaka, while 863 were constructed for the township of Kabushi in Ndola (NHA 1979). I wugo 
et al (1978 b) reported that there were 102 sewered aqua privy units in the Chilenje township of 
Lusaka. The same source also asserted that there were originally 1422 sewered aqua privy units 
in Kabushi but that 674 had since been converted to conventional flush toilets due to constant 
blockage problems. Pickford and Boydell (1978) reported that there were also some sewered aqua 
privies in the towns of Kafue and Mazabuka. 
Connection rates were presumably 100 per cent of the households within reach of collector 
sewers, for the reason that sanitary fixtures, latrine superstructures and house sewers were 
installed at the same time as the sewer network (Vincent et al 1961). 
No further systems have been installed since the early 1960s so that coverage in terms of the 
total urban population of Zambia is very low. Although a World Bank study declared that 
Zambian sewered aqua privies had been "outstandingly successful" (Iwugo et al1978 b), the 
Zambian National Housing Authority came to the overall conclusion (NHA 1979) that sewered 
aqua privies were expensive to install, required skilled maintenance and were therefore 
inappropriate for low income areas. Blackmore (1988) has reported that the current position is 
that ·most engineers and planners in Zambia are unenthusiastic about interceptor tank NCS 
because it is prone to institutional neglect. 
4.7.2 Evaluation literature 
The literature relates to a number of separate inspections carried out in the late 1970s, about 
20 years after the systems were installed. Information concerning the current situation is reported 
(Blackmore 1988) to be hard to obtain. 
Pickford and Boydell (1978) inspected 20 units in Lusaka. The National Housing Authority 
inspected samples of 50 units in both Lusaka and Ndola (NHA 1979). Todd (1985) also draws on 
the findings of this survey. 
Iwugo et al (1978 b) based their evaluation on a sample of 40 units in Matero in Lusaka, 
"most" of the 102 units located in Chilenje in Lusaka, and "several" of the units in Kabushi in 
Ndola. Kruijff (1978) does not report the size of the samples he inspected. 
4.7.3 Functioning 
Since the solids interceptor tanks used in the Lusaka and Ndola systems were significantly 
different in size (Section 2.5.3; Table 2.5), and since some of the Ndola toilets were used by more 
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than one family (Kruijff 1978) whereas those in Lusaka were used by individual families, the 
systems will be dealt with separately. 
4.7.3.UlIS3ka 
Kruijff (1978) reported that all units in the sample he inspected were in perfect order. He 
reported that the first recorded blockage in the 150mm collectors had only occurred in 1977, and 
added that the blockage was probably the result of some households without interceptor tanks 
having connected to the sewer. 
On the other hand, Pickford and Boydell (1978), who inspected a sample of units in Lusaka 
approximately two months after Kruijff, reported that the interceptor tanks were filled with 
densely compacted gritty sludge and were therefore providing no hydraulic retention time. They 
suggested that since squatting plates instead of pedestal seats were used in the units, grit from the 
users' shoes was likely to be washed down into the tank. They also reported that water 
consumption was very high and that some sewers were larger and laid more steeply than had 
previously been reported (Vincent et al 1961; Table 2.7). 
Iwugo et al (1978 b) found several blockages in the collector sewers and a very high level of 
water consumption. Water Shortage during the dry season was said to be a serious problem for 
one site, while in another, anal cleaning materials were not placed in the interceptor tank, but 
were disposed of separately. They could not obtain any information about interceptor tank 
desludging. They commented that it appeared no routine maintenance was being performed by 
the a uthori ties. 
The Zambian National Housing Authority (NHA 1979) reported that the Lusaka systems 
were experiencing operating problems within five years of installation. As a result of actual waste 
water flows being far higher than those which were designed for, "a considerable stretch" of 
100mm sewers had had to be replaced by 150mm pipes. This may explain the larger pipes noted 
by Pickford and Boydell (1978). 
The NHA (1979) reported that at the time of inspection the toilets were generally operating 
well and were reasonably clean. However, nearly 80 per cent of sample households had reported 
blocked tanks to the municipality during the year preceding the survey. In roughly 40 per cent of 
these cases no action was taken by the authorities, and in over 60 per cent of cases the problem 
was stated to have recurred. Thirty per cent of all users questioned claimed that the interceptor 
tanks were only being partially desludged by municipal employees. The NHA found it impossible 
to obtain from the municipality "credible" figures relating to the frequency with which interceptor 
tanks were desludged. 
Todd (1985), in relation to the maintenance of the system by the City Council, has stated that 
"It appears that maintenance teams are unaware of the manner in which the system works. Instead 
of pumping out the entire tank, including the solid build up ... they simply pump off the liquid 
above the pile and regard the problem as solved." 
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The build up of sludge inside the interceptor tanks appeared to be at a critical stage around 
the time of the NHA survey; over sixty per cent more users had experienced a blockage problem 
during the year preceding the survey as had experienced one in the entire period from five years 
to one year prior to the study. 
It was reponed that "Users do not react very favourably to the system"; over 50 per cent were 
very dissatisfied, and all except one of the users who knew about conventional sewerage 
preferred it (NHA 1979). 
4.7.3.2 Ndola 
Kruijff (1978) reported that the units he inspected in Ndola were dirty and had "constantly 
overflowing" interceptor tanks. In his opinion the sharing of some latrines by more than one 
family contributed to the lack of cleanliness. He noted that many water taps were left running. 
Iwugo et al (1978 b) also noted a high level of water consumption, as well as the separate 
disposal of anal cleaning materials in some cases. Some aqua privy drop pipes and interceptor 
tank outlet pipes were reported to be severely cracked or broken. Previous blockage problems in 
parts of the system were reported to have been severe enough to necessitate the conversion of 
over half the original units into a conventional sewerage system (Section 4.7.1). They commented 
that none of the 100mm sewers inspected was "completely" blocked. As was the case in Lusaka, 
the study found no evidence of any routine maintenance by the authorities and no information 
about interceptor tank desludging. 
The NHA (1979) reported that taps were often left running and that, in contrast to Kruijffs 
findings, most units were relatively clean. Over 30 per cent of the sample units had full 
interceptor tanks, and over 70 per cent of households had experienced blocked tanks during the 
year preceding the survey. In 25 per cent of these cases, the Council took no action, and in over 
40 per cent of cases the problem was reported to have recurred. As was the case in Lusaka, 
blockages on this scale were reported to be a recent phenomenon. 
The communal soil seepage systems to which some of the sampled units were connnected 
were reported to have a "marked tendency" to become blocked. 
Todd (1985) has reported that the same problems relating to tank desludging were occurring 
in Ndola as in Lusaka (Section 4.7.3.1.). 
More than half the users questioned were either dissatisfied or very dissatisfied with the 
system, and all users who knew about conventional sewerage thought it a superior system (NHA 
1979). 
4.7.4 Cost 
Iwugo et al (1978 b) carried out a cost comparison between conventional and non 
conventional sewerage in Ndola. The total annual cost per household (T ACH) was calculated for 
the two systems. Shadow priced economic costs were used. All on plot, flush water, collection 
89 
and treatment costs, both capital and recurrent, were included. The TACH of the NCS system 
was 35 per cent less than that of the conventional system. 
One problem with the cost comparison is that, due to an absence of data on the NCS system, 
the same collection and treatment costs were used for both systems. In this respect therefore the 
comparison did not reflect the economies of the NCS system in terms, for example, of smaller 
pi pes and flatter gradients. On the other hand, however, over 90 per cent of the saving attributed 
to the NCS system was accounted for by its reduced flush water requirements, whereas in their 
evaluation of the system Iwugo et al (1978 b) reported that large amounts of water were being 
wasted at the site with taps draining into the system being left constantly running (Section 
4.7.3.2). 
The TACH of a pit latrine in Ndola was also calculated by Iwugo et al (1978 b). It was 89 per 
cent cheaper than the TACH of the NCS system. 
No information on cost recovery and level of subsidy has been found for any of the Zambian 
systems. 
4.8 Nigeria 
4.8.1 Utilization 
It has been reported (Iwugo et al1978 a) that an interceptor tank NCS system conSisting of 
256 latrines and designed to serve about 5000 people was installed at New Bussa in Kwara State 
between 1965 and 1%8. New Bussa is a planned town built to resettle people displaced by the 
Kainji Dam project. As far as is known, the system has not been extended within New Bussa or 
applied in any other sites. Within the project area, a 100 per cent connection rate to the collector 
sewers was probably achieved at the start of the system's operation, since, in common with the 
Zambian NCS systems (Section 4.7.1), sanitary fixtures and house sewers were built at the same 
time as the sewer network. 
4.8.2 Evalnation literature 
Iwugo et al (1978 a) was the only source located. It is based on an inspection of 15 of the 
sewered aqua privy units about ten years after they had begun operating. No current information 
has been obtained. 
4.8.3 Functioning 
Iwugo et al (1978 a) reported that all units were still in operation but that the system was 
experiencing a number of operating problems. ·Regular water shortages were reported to lead to 
fly and odour nuisance. Some users had constructed pit latrines to use as a backup form of 
sanitation during such periods. 
Broken interceptor tank outlet tees and inspection chamber covers were suspected to be the 
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cause of the faecal and anal cleaning solids which were frequently observed in the sewers. As a 
result of such solids deposition, blocked and overflowing inspection chambers were common. 
Solids interceptor tanks were reported to be manually desludged by residents with sludge 
generally being buried in gardens. 
4.8.4 Cost 
Iwugo et al (1978 a) calculated the TACH of the New Bussa NCS system. No information 
exists, however, on the cost of conventional sewerage or indeed of any other sanitation options 
for the same site. Iwugo et al (1978 c), however, calculated the TACH of pit latrines in Ibadan in 
Nigeria using the same shadow pricing factors and opportunity cost of capital. The pit latrine 
served an assumed household size of 16 compared to 20 for the NCS system. The TACH of the 
pit latrine was 92 per cent less than that of the NCS system. 
No cost recovery or subsidy information relating to the New Bussa system was obtained. 
4.9 pakjstan 
4.9.1 Orangi Pilot Project (OPP) in Karachi 
4.9.1.1 Utilization 
The Orangi Pilot Project low cost sewerage programme started up in 1981. By November 
1989, 4095 Orangi lanes had collector sewers installed in them (OPP 1989). 
In 35 of these lanes the sewers were built by the Orangi Community Development Project 
(Section 4.9.2). A further 497 lanes had sewers built by the municipal authority (Table 3.3; OPP 
1989). Of the remaining 3563 lane sewers, some had their construction supervised entirely by 
residents (Table 3.3). Of these, it has been estimated that at least 15,000 metres serving 633 lanes 
were laid before the OPP started its sewerage programme (Abbott 1985). 
OPP has been involved to at least some extent in most "user supervised" sewers constructed 
since 1981 (Abbott 1985). Residents may for example receive designs, plans and estimates from 
OPP, but then decide to proceed on their own rather than asking OPP to supervise construction. It 
would appear therefore that OPP has contributed to the construction of 2930 lane sewers in 
Orangi, a figure equivalent to 43 per cent of the total number of lanes in Orangi. 
It is not known how many of Orangi's secondary drains (Table 3.4), if any, were laid before 
the OPP sewerage programme started up. 
Coverage in terms of households connected is hard to be exact about because the available 
information usually refers to the number of collector sewers constructed rather than the number 
of households connected to the collectors. However, the fact that installation of OPP sewers is 
managed and entirely paid for by the residents themselves (Section 4.9.1.4) favours high 
connection rates. Abbott and Lumbers (1985) reported that 72 per cent of households in the lanes 
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they inspected were connected to the lane sewer. An additional 20 per cent, while not connected 
to the sewer, were not discharging any waste water into the lane. However, it was noted that in 
many cases children were not using latrines until the age of four or five and were defaecating in 
the lanes and in other open spaces (Abbot! and Lumbers 1985). 
With reference to the extension of coverage beyond Orangi, Hasan (1987) has reported that in 
Masoom Shah Colony and Baba Island, two low income settlements close to Orangi, the OPP has 
helped in the implementation of sewerage. Khan (1988) has reported that the OPP sewerage 
design has also been applied in Khuda ki Basti in Haiderabad by the Haiderabad Development 
Authority. However, replication on a wide scale outside of Orangi has yet to occur. 
Abbott and Lumbers (1985) concluded that the OPP sewerage programme had "the potential 
for application elsewhere but with important qualifications". They identified the following as 
factors favourable to the OPP's success in Orangi: 
- the topography and discharge drainage of the Orangi basin; 
- the previous experience of the community in self help construction; 
the supply of affordable local building materials; 
the desire of the community to improve house and lane sanitation and their perception of 
sewerage as being the preferred solution to their sanitation problems; 
the abilities of the OPP's director and the social skills of the Project's extension workers; 
the selection of the lane as the unit of social organization and sewer construction; 
the fact that theOPP's methodology involved no compulsion but instead relied on residents' 
acceptance of the system; 
- the OPP's implementation methodology which meant that system ownership and 
maintenance responsibility rested unambiguously with the users; and 
the financial aid OPP received for its research and extension work from an outside 
agency. 
4.9.1.2 EvaluatioD literature 
The most detailed evaluation was carried out in 1985 (Abbott and Lumbers 1985), four years 
after the start of the OPP sewerage programme. Forty randomly selected lanes were inspected, of 
which half had had OPP sewers installed while the remainder were unsewered. One household 
from each lane was randomly selected and interviewed. An unspecified number of secondary 
drains was also inspected. 
An evaluation carried out by staff of the OPP also dates from around this time (OPP 1986 b). 
Two groups of thirty randomly selected lanes were inspected. One group had been sewered 
between 1981 and 1983 while the other had had sewers installed between 1984 and 1985. 
4.9.1.3 FUDctioning 
OPP terminology divides collector sewers into two categories: "lane sewers" which are 
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collectors serving a single street and "secondary drains" which are collectors serving several 
streets. 
Secondary drains have heen reported (Abbotl and Lumbers 1985) to generally function well, 
although the discharges of a quarter of those inspected were restricted due to a lack of natural 
drainage. 
Abbotl and Lumbers (1985) found that a quarter of the OPP lane sewers inspected were not 
functioning adequately at the time of the inspection. Furthermore, "most" 150mm lane sewers 
were reported to experience inspection chamber overflows during periods of heavy rain, 
suggesting therefore that they were receiving a significant amount of rainwater connections 
(Abbotl and Lumbers 1985). The OPP (1986 b) reported restricted flow in 28 per cent of sewers 
built between 1981 and 1983. The figure was 10 per cent for newer sewers. Both sources reported 
that flat and sometimes negative gradients were the basic cause of such problems. Abbotl and 
Lumbers (1985) reported gradient problems with both older and newer sewers and stated that 
sewers functioned adequately if gradients were 1 in 100 or steeper. Hasan (1987) has stated that 
the majority of lane sewers with incorrect levels were installed by residents without OPP 
technical assistance, either before OPP started up or during the initial years of the Project when 
the OPP had yet to build up trust in its competence among all residents. 
The entry of solids into the sewer lines was reported to result partly from incorrectly 
constructed interceptor tanks. Abbotl and Lumbers (1985) found that only 8 per cent of 
households had built an interceptor tank with a "T" shaped outlet in accordance with OPP 
designs. Abbotl (1985) noted several overflowing tanks which were full of sludge. He also 
reported a slower sludge accumulation rate than would be expected if the conventionally accepted 
annual figure of 30 to 40 litres per person were assumed. He concluded that there was a 
substantial carry over of solids from tanks into the sewer lines. When tanks were emptied, the 
sludge from many of them was inadequately disposed of; 40 per cent of the householders 
questioned dumped their sludge on a vacant plot or in some other open space (Abbotl 1985). 
Inspection chambers were the other chief source of solids entry. Abbotl and Lumbers (1985) 
reported that only 30 per cent of inspection chambers were free of solids. They found that 24 per 
cent of them had missing or poorly filling covers. Similarly, the OPP (1986 b) found that 43 per 
cent of lane sewers built between 1981 and 1983 had less than half of their inspection chamber 
covers in place. The figure was 7 per cent for lanes sewered in 1984 and 1985. Abboll and 
Lumbers (1985) also reported that 58 per cent of all covers were below ground level, thus making 
solids entry very likely. 
Solids were reported to be accumulating in inspection chambers partly due to an absence of 
channels at the base of them. The OPP (1986 b) reported that more than half of all inspection 
chambers built between 1981 and 1983 were without channels but that the problem did not occur 
in newer chambers. Abboll and Lumbers (1985) reported that in 25 per cent of lanes, inspection 
chamber inverts were lower than those of adjoining sewers. They also noted the following 
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construction inadequacies, all of which would be likely to adversely affect system performance: 
- roughly finished benching which was also "typically" shallow to flat; 
variable concrete quality; and 
incomplete plastering at junctions between sewers and inspection chambers. 
Several OPP publications (Khan 1984 a; Khan 1984 c; OPP 1986 b) have reponed the 
following additional construction problems: 
- poor pipe jointing; 
failure to remove waste construction material from the base of inspection chambers; and 
failure to maintain a safe distance between water mains and sewers. 
Abbott and Lumbers (1985) concluded, however, that "a reasonable overall standard of 
construction" was being achieved. 
From the above information, it is clear that the maintenance requirements of many Orangi 
sewers are considerable. The OPP (1986 b) found that over a quaner of a sample of lane sewers 
installed between 1981 and 1983 required cleaning at least once a month. Over 6 per cent of them 
needed weekly cleaning. By contrast, only one out of the sample of 30 lane sewers built in 1984 
or 1985 required monthly cleaning. 
Lane sewer lines are cleaned collectively, with each house in the lane paying towards the hire 
of a scavenger (OPP 1986 b). Hasan (1987) has reponed that contributions are made to someone 
who is an "active member of the lane", although not necessarily one of the lane managers who 
managed the sewer's construction (Section 3.3). 
Inspection chamber cleaning on the other hand is done in most cases by individuals (OPP 
1986 b). Inspection chamber covers may be replaced either by individuals or collectively. 
Incomplete sewer and inspection chamber cleaning is a problem as is delay in cover 
replacement (OPP 1986 b). Hasan (1987) has pointed out that the replacement of a small number 
of covers is "uneconomical and difficult, as it involves paying for the cartage of small quantities 
of materials". He has stated that to meet this difficulty the OPP "is now advising the building 
manufacturing yards in Orangi to keep a supply of OPP designed manhole covers so that people 
can buy them ready made". 
Hasan (1987) has reponed that maintenance delays have led in several lanes to the 
community entrusting overall responsibility for lane sewer maintenance to one resident in 
particular. Abbott and Lumbers (1985) have stated that in a few lanes monthly contributions 
towards maintenance are made. Most recently, the OPP (1988) has reported that "very strong 
informal lane organizations" have been set up to perform maintenance. 
In some lanes major rectification maintenance is required. Hasan (1987) has reponed that 
users have been ready to undertake such maintenance (which is usually necessitated by incorrect 
levels). Khan (1988) has reponed that corrosion problems have occurred in some sewers and that 
in such circumstances residents have paid for entire lane sewers to be relaid. 
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4.9.1.4 Cost 
OPP (1989) reported that the construction cost per running foot of OPP lane sewers was 83 
per cent cheaper than that of lane sewers installed by the Karachi Municipal Corporation, while 
the cost of secondary drains was 78 per cent cheaper. This reduction has principally been 
achieved by: 
• using small locally based contractors instead of large contractors and thereby "eliminating 
kickbacks and profiteering" (Khan 1990); and 
• reducing the unit cost of inspection chambers (Hasan 1986). 
The average total construction cost of the system has been reduced to that shown in Table 4.3 by 
using an extremely localized design which has no trunk sewers, pumping stations or·treatment 
plant. 
Table 4.3 Average COostnJctiOD cosIs or the OI'P sewerage SJSfem 
Item 
Pour flush WC 
House sewer 
Share of lane sewer 
Share of secondary drain 
Source: Khan (1986) 
Total 
Cost per household 
(rupees at 1986 values) 
300.00 
200.00 
450.00 
50.00 
1000.00 
Abbott and Lumbers (1985) estimated that between 1981 and 1985 OPP's research and 
extension expenditure per household sewered amounted to about 200 rupees. This expenditure 
was covered by an annual grant from the Bank of Credit and Commerce International. 
The OPP costs may be compared with the following costs of alternative sanitation systems in 
Karachi. Balfours and EC (1987) have reported that pour flush leach pit latrines built in the 
nearby Karachi settlement of Baldia cost 800 rupees per househOld in 1985. McGarry (1985) 
calculated a cost of 810 rupees per household for a double leachpit pour flush latrine in Karachi 
in 1985. Neither of these options had the capacity to deal with sullage. Equally it should be 
remembered that OPP NCS does not include any trunk sewers or treatment plants. 
The OPP provides cost estimates to residents who judge whether or not they wish to raise the 
required money and build the sewers. Sewers have only been constructed if users have been 
willing to pay for them. 
Abbott (1985) has stated that a 1984 survey of Orangi showed a median household income of 
1000 rupees per month. Khan (1986) estimated that in 1986 a family in Orangi was investing on 
average 25 to 30 thousand rupees in the construction of their house. The construction cost of the 
OPP system per household was therefore equivalent to 100 per cent of one median monthly 
household income and 3 to 4 per cent of the average cost of a house. 
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4.9.1.5 Health and environmental impacts 
Abbott and Lumbers (1985) reported that the installation of OPP sewers had had an overall 
beneficial impact on lane environment, chiefly due to the containment of waste water. They also 
reported that system users perceived a general health improvement resulting from the installation 
of lane sewers, although there was no clinical evidence to support this perception; interviews with 
a sample of households did not suggest any differences in the occurrence of diseases between 
those households in lanes with OPP sewers and those in unsewered lanes. They stated that the 
adverse impacts of lane and secondary sewer outfalls appeared to be limited to the general 
vicinity of water courses. Qureshi (1989) has reported that there are no evaluations relating 
specifically to the health impacts of the system on' households living near such water courses. 
Abbot! and Lumbers (1985) further commented that infrequent inspection chamber overflows and 
inadequate interceptor tank desludging arrangements (Section 4.9.1.3) could have an adverse 
effect on health and environmental benefits, and that the health education literature produced by 
the OPP was deficient in several respects. 
Hasan (1987) has reported that the OPP's sewerage and health education programmes 
reduced the incidence of the twelve most serious diseases in Orangi, and that investigations in 
September 1986 revealed that many families had been free from diseases during the preceding six 
months. It has not been possible to obtain any details of the monitoring procedures used or of the 
data they produced. Other positive impacts reported by Hasan (1987) were the following: 
clean lanes; 
property improvements carried out by householders; 
increased property values; 
a cessation of quarrels about waste water disposal between neighbours; and 
more social harmony. 
4.9.2 Commonity Developmeot Project (CDP) in Karachi 
4.9.2.1 Utilizatioo 
In 1985 the Orangi Community Development Project (CDP), with technical support from the 
United Nations Centre for Human Settlements (UNCHS), installed sewers in 35 lanes of the 
katchi abadi of Orangi. The project was not replicated (Hasan 1986). 
McGarry (1985) considered that the following factors were responsible for the reluctance of 
some of the community to connect to the system: 
- distrust between the Project and the community, stemming partly from the Project's use of 
informants to gather "social intelligence" -and partly from some unexpected increases in 
the price of the system; 
the Project's unreceptiveness to outside advice; and 
the Project's loss of technical credibility when a communal interceptor tank collapsed during 
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construction. 
In general it was felt that the CDP had too much of a "construction agency" approach, in the 
sense that community participation was approached primarily as a means of raising money rather 
than as an opportunity to actively involve users in the design and implementation of the system 
(McGarry 1985). 
Having said that, however, the reasonably high figure of 50 per cent of households within 
reach of collector sewers connected to the system during its first five months of operation 
(McGarry 1985). In favour of a high connection rate to the system was the fact that the COP 
constructed all on plot parts of the system as well as the off plot sewers and treatment plant 
(UNCHS 1986). 
As regards the system's potential applicability on a larger scale, it was remarked (McGarry 
1985) that the project area had the following favourable characteristics: 
- suitable topography; 
- widely available low cost building materials; 
a genuine community desire for sewerage; 
the unusual degree of social and organizational cohesion exhibited by the residents of the 
project area and their strong interest in solving their sanitation problems through self help; 
a planned and regular site layout; and 
back service lanes which were narrow enough to preclude access to vehicles (such lanes 
were noted to be an unusual feature 'in Orangi and other low income Karachi settlements). 
4.9.2.2 Evaluation 6terature 
McGarry (1985) evaluated the system after it had been operating for 5 months. Balfours and 
EC (1987) made brief reference to the operation of the system. 
4.9.2.3 Functioning 
McGarry (1985) has reported that there was an average of one inch of deposited solids in 
nearly all pipes. The main cause of this build up of solids was reported to be silt and sand which 
had entered the sewer when access points were opened as well as through the holes left for future 
house connections in the sides of the access points. It was also thought that most on plot sullage 
traps were full and releasing sand into the sewers. Balfours and EC (1987) also reported solid 
deposition and considered that the principal source of the entry of solids was through access 
points. Construction standards were reported to be visibly satisfactory, apart from the presence of 
rocks and lumps of mortar in some access points. 
McGarry (1985) concluded that if the sewer lines were cleaned with a cloth plug before the 
system was finally handed over to the users to operate, the build up of solids could be adequately 
controlled by means of annual sewer line flUShing. However, he also commented that there were 
conflicting reports as to whether a residents' maintenance organization had been established as 
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, 
had been originally intended by the Project. 
Balfours and EC (1987) reported that the system's communal interceptor tank was 
performing well and effecting a "significant removal of pollutants". 
4.9.2.4 Cost 
McGarry (1985) reported that the system's construction costs (Table 4.4) were reduced by: 
- adopting a back service collector sewer la yout; 
- making widespread use of cheap and locally available supplies of stone during construction; 
adopting a localized design which avoided pumping and minimized trunk sewer requirements; 
and 
the Project acting as its own construction agency thereby eliminating the costs associated with 
the use of large contractors in Karachi (Section 4.9.1.4). 
Table 4A Coostrudion costs of the CDP sewenoge system 
Item 
Pour flush WC and trap 
House sewers and other on plot items 
Sullage trap 
Share of collector sewers 
Share of covered trunk surface channel 
Share of treatment plant 
Source: adapted from McGarry (1985) 
Total 
Cost per household 
(rupees at 1985 values) 
42.00 
242.55 
9.00 
313.16 
212.51 
174.65 
993.87 
The total cost per household shown in Table 4.4 may be compared with the household 
income information, average house price and alternative sanitation system costs given in Section 
4.9.1.4 since they refer to similar site situations and date from approximately the same period. 
McGarry (1985) reported that users paid 500 rupees per household towards the cost of the 
system, an amount equivalent to 50 per cent of one median household monthly income, or 1 to 2 
per cent of the average cost of a house. The rest of the cost was met out of a grant from the 
CDP's funding agency, the Bank of Credit and Commerce International. The Bank also met all 
research and development, planning, design and supervision costs. At the time of McGarry 
(1985)'s evaluation, not all the households connected to the system had completed payment. 
4.9.3 UNICEF sewerage project in Karachi 
Very little has been discovered about this project. Balfours and EC (1987) reported that 
sewers had been laid in two lanes in the katchi'abadi of Baldia. Th~ s'ystern incorporated 
individual household interceptor tanks out has··no trunk sewers or· treatment plant: No evidence 
was found of any solids· in the sewers"althougli it was empliasized' that the'system had only! 
recently begun operating (Balfours'and EC 1987): 
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Balfours and EC (1987) reported that in 1985 the system cost 800 rupees per household to 
construct. McGarry (1985), however, calculated the construction cost of the system in 1985 to be 
1030 rupees per household. These figures may be compared with others for various sanitation 
options in Karachi (Sections 4.6.1.4 and 4.6.2.4). 
4.10 Brazil 
Three different types of NCS have been implemented in Brazil. The two most widespread are 
the "condominial" and "simplified" systems, both of which are solids transporting. There is also 
an interceptor tank NCS system in at least one town. 
4.10.1 Rio Grande do Norte State 
4.10.1.1 Utilization 
Rio Grande do Norte is one of the few parts of the developing world where NCS has been at 
all widely implemented. The design guidelines and implementation and operation procedures for 
the type of solids transporting NCS known variously as "condominial", "back service" and 
"shallow" sewerage were first formulated by a techrtical unit within CAERN, the Rio Grande do 
Norte State water company. 
The first system was installed in the low income settlements of Rocas and Santos Reis in 
Natal, the capital of the State. It has been reported (MDU/PNUD 1986) that about 15 000 people 
were served and that construction was completed in January 1984. House sewers connecting 
existing WCS and other sanitary fixtures to the collector sewers were built at the same time as the 
rest of the sewer network. There was also reported to be a sense of dissatisfaction among the 
community with the existing leach pit sanitation systems that they possessed (UNCHS 1986). 
Therefore, "An unprecedented connection rate ... was achieved in the year of construction" 
(UNCHS 1986). Andrade Neto and Tinoco Filho (1985) have reported that the connection rate 
was % per cent; of the four per cent of households which had not connected to the system, the 
following reasons for not doing so were given: 
technical difficulties 1 %; 
economic difficulties 1.1%; 
landlord against it 1 %; 
- dislike of its collective nature 0.2%; and 
- other reasons 0.7%. 
Sales et al (1985) reported that the system was subsequently applied in three other parts of 
Natal (Quintas, Felipe Camarao and a section of Petropolis), as well as in parts of the towns of 
Currais Novos, Goianinha, Parelhas and Florania. Azevedo Netto (1989 undated a) has reported 
that by 1988 62 per cent of people in Parelhas (total population 16,150) were connected to the 
system. 
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UNCHS (1986) reported that the first housing project in the State to be constructed with NCS 
was in Santa Cruz, serving 800 households. The same source stated that by 1986 the technology 
was being implemented in all low income housing schemes in the State, varying in size from 
around· 50 to over 1300 houses. 
Azevedo Netto (1989 a) has reported that in 1984 condominia I sewerage was officially 
approved for inclusion in the State's sewerage master plan, that NCS projects have a high 
government priority, and that by 1989 the system had been installed in parts of 12 towns and 
cities. With the exception of the Parelhas and Rocas and Santos Reis systems, however, figures 
for the percentage of households in these towns connected to the system have not been obtained. 
ABES (1990) has reported that in 1988 only 8.03 per cent of the "urban population" of Rio 
Grande do None were served by either condominial or conventional sewerage systems. The State 
water company's lack of funds has been reported as being the greatest obstacle to further 
extension of coverage (Azevedo Netto 1989 a). 
4.10.1.2 Evaluation 6teratnre 
The implementation and operation of the Rocas and Santos Reis system has been reported on 
by Sinnatamby (1983), MDU/PNUD (1986) and UNCHS (1986). UNCHS (1986) has similar 
information about the system in Santa Cruz. Andrade Neto and Tinoco Filho (1985) have 
presented more detailed information about the Rocas and Santos Reis system and reported the 
findings of an evaluation of the system during the first two years of the its operation; 240 
households were sampled. Sales et al (1985) have reported on the implementation of the 
technology in other parts of Natal and in other towns in the State. Azevedo Netto (1989 a; 
undated a and d) has information on the extent of NCS in Natal and Parelhas, together with some 
general information about operating characteristics. 
4.10.1.3 Fnnctioning 
Sinnatamby (1983) reported on the operation of a pilot sewered block in the Rocas and 
Santos Reis project one year after its construction. In general it had functioned well. Two minor 
blockages had occurred in house sewers and been cleared by householders. One blockage, caused 
by an item of clothing, had occurred in the block's collector sewer. It was thought to have been 
deliberately caused by a family leaving the area. The water company assisted in clearing it. All 
users expressed satisfaction with the system. 
UNCHS (1986) reported on the entire Rocas and Santos Reis system. Satisfactory operation 
over a period of 5 years was reported. It was stated that "information transferred during 
construction to the community in relation to maintaining the block sewers has proved adequate to 
ensure a high level of self help maintenance. Blockages in block sewers have proved to be rare 
and whenever these have occurred, they have been effectively removed by members of the 
community themselves." 
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Andrade Neto and Tinoco Filho (1985) found that five per cent of households had 
experienced a problem with the Rocas and Santos Reis system; half of these were problems 
relating to sanitary fixtures while the remainder were to do with the condominia I sewers. A third 
of the condominial sewer problems were the result of poor construction. The other two thirds 
were caused by residents misusing the system. Illicit rainwater connections were found in 3 per 
cent of the houses. All interviewees who knew of different forms of sanitation (chiefly leachpits) 
thought the condominial sewerage system was better; 79 per cent of them said it was better 
because it had no leachpits to empty. 
UNCHS (1986) reported that in the case of the system installed in the Santa Cruz housing 
project, users were insufficiently informed about the system's mode of operation which led to 
some users building over the sewers. In spite of this, it was stated that the system had functioned 
very satisfactorily and that "Systematic evaluations ... have failed to identify any means by which 
the system could be improved either in its layout, appunenances or operation." 
Azevedo Netto (undated a) has reponed that blockages have been caused by rags, clothing, 
bits of plastic, remains of food and heavy paper entering the sewers through WCS and access 
points. He has also stated that stormwater inflow is a problem. 
4.10.1.4 Cost 
The construction cost of NCS in Rio Grande do None has principally been reduced 
(compared, that is, to the cost of the conventional sewerage schemes implemented previously in 
the State) by: 
adopting a back service collector sewer layout (conventionally, all collector sewers have been 
laid in the street in Rio Grande do None); and 
constructing localized systems so as to minimize pumping station and trunk sewer provision. 
The State water company has reduced its own costs further by: 
making use of municipal resources during the construction of some schemes; and 
making the maintenance of all on plot collector sewers the responsibility of system users. 
UNCHS (1986) reported that the capital cost per household of the Rocas and Santos Reis 
NCS system was US $325 (1982 values). Sinnatamby (1983) calculated that the T ACH of the 
system was US $35.8 (1982 values) while the TACH of a twin leachpit latrine plus sullage 
seepage pit in Natal was US $45. The NCS system had no treatment facilities. 
Sinnatamby (1983) also calculated the TACHs of conventional sewerage and condominial 
NCS in the low income Natal settlements of Quintas, Mae Luiza and Felipe Camarao. He found 
that NCS was 44 to 52 per cent less expensive than a conventional system. The reduced flush 
water volumes used in the NCS system were a -significant cost reduction factor. 
UNCHS (1986) reported that for more than 20 sites in the states of Rio Grande do None and 
Pemambuco the capital cost of condominia I sewerage was only 9.5 to 15 per cent that of 
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conventional sewerage. Leachpit and sullage seepage pit systems for the same sites had capital 
costs of between 14 and 21 per cent of conventional sewerage. 
Azevedo Netto (1989 a) has reported that the construction cost of condominial sewerage in 
Natal was US $410 per connection in 1988 and that the cost for the town of Parelhas was U.S. 
$578. These figures compare with a cost for conventional sewerage of US $1100 (Azevedo 
Netto 1989 a). Both these figures include the cost of treatment but exclude house sewer and 
sanitary fixture costs. The conventional sewerage cost figure does not refer to either Natal or 
Parelhas in particular but is said to be the typical cost for Rio Grande do Norte State as a whole. 
The mean monthly user tariff for full recovery of all the capital and recurrent costs of the 
Rocas and Santos Reis system (assuming the implementing agency borrowed money at a 6 per 
cent annual rate of interest with a grace period of 1 year and a maturity period of 40 years) was 
equivalent to 2.2 per cent of the mean monthly wage rate in the area (Sinnatamby 1983). The 
equivalent percentages for condominial systems in Quintas, Mae Luiza and Felipe Camarao were 
1.8, 2.0 and 3.0 respectively (Sinnatamby 1983). More generally, UNCHS (1986) reported tha~ 
on the basis of a minimum consumption tariff for water and sewerage equal to 7 per cent of the 
statutory minimum wage, "it has proved possible to deliver shallow [condominial] sewer systems 
to many low· income communities in Brazil without recourse to subsidies of any kind". 
However, it is not known whether cost recovery is being maintained in the face of recent high 
rates of inflation in Brazil. Sinnatamby (1983) has reported that during previous periods of 
inflation Brazilian water companies have not been able to increase tariffs enough to maintain 
their revenues at existing levels in real terms. 
4.10-2 Pemamboco State 
4.10-2.1 Utilization 
An unknown number of condominial sewerage projects has been implemented in this State. 
The oldest and largest system is reported (Azevedo Netto undated a) to be that installed in the 
town of Petrolina where, since 1983, 265 blocks of houses have been serviced. It is not known 
whether all households in these blocks have connected to the system's collector sewers. Wiseman 
(1988) has reported that a small demonstration system has been built in the town of Passira. No 
other information on coverage has been obtained. 
An interceptor tank NCS system serving less than 50 households has been installed in Ibura 
in Recife (Greenhalgh 1984). In this scheme less households were serviced than had originally 
been hoped for, and a year after construction only ten households had fully connected their waste 
water to the system. Greenhalgh (1984) has listed the following hindering factors: 
the project area was a relocation site and consequently there was not an established community 
organization to work with; 
. a lack of communication between the agency responsible for implementing the NCS system 
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and the financing agency led to money that had been designated for sanitation improvements 
being spent on other items; 
- members of the implementing agency were not well known personally in most of the 
housing blocks it was intended to service; and 
technical staff from the State housing company who were working with the implementing 
agency were unable to fully answer the doubts of some residents concerning the design of the 
system. 
Greenhalgh (1984) concluded that interceptor tank NCS was "only a modification of an 
inappropriate system [conventional sewerage]", retaining "most of the disadvantages ... in 
addition to requiring a maintenance programme for the on site interceptor units". As far as is 
known the system was not replicated. 
4.10.2.2 Evaluation JiteralDre 
Azevedo Netto (1989 a; undated a and d) has provided general information concerning the 
condominial sewerage systems. Greenhalgh (1984) reported the first year of operation of the 
Ibura system. 
4.10.2.3 Fnnctioning 
Azevedo Netto (undated a) has stated that the condominial systems have experienced no 
serious operating problems and that the few obstructions which have occurred in the collector· 
sewers laid on private land have been cleared by users. 
Greenhalgh (1984) reported that there were several blockages in theIbura system during its 
first year of operation. They were caused by: 
sand entering the sewer through an access point; 
an outfall becoming submerged due to soil erosion; 
an overloaded interceptor tank; and 
a plastic bag. 
In addition, rubbish was discovered in one access point and a sewer was broken when a fence 
pole was driven through it. Maintenance was performed by the agency which had implemented 
the system, in some cases with assistance from the users (Greenhalgh 1984). It is not known how 
maintenance has been done since the implementing agency ceased to monitor the system. 
4.10.2.4 Cost 
The costs of the condominial systems in Pernambuco have been reduced by means of similar 
techniques to those listed in Section 4.10.1.4. Azevedo Netto (undated a) has reported the average 
construction costs shown in Table 4.5 using data obtained from the State water and sewerage 
company. The figures assume 5.5 people per connection and compare with an "average" 
conventional sewerage cost of U.S. $1100 per connection (Azevedo Netto 1989 a). 
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Wiseman (1988) reported that the monthly operating cost of the collector sewers and 
treatment plant in a condominial sewerage demonstration project in Passira was U.S. $0.02 
(1988 values) per household served. 
Cost recovery and subsidy information has not been obtained. 
Table 4.5 Average ooostrudion..- of coodominiaI sew""'l:" in Pemamboco Slate 
Item 
System design and community mobilization 
House sewers 
Collector and trunk sewers 
Treatment plant 
Source: adapted from Azevedo Netto (undated a) 
Total 
Cost per connection 
(U.S. $1988) 
27.50 
137.50 
220.00 
165.00 
550.00 
The cost of the Ibura interceptor tank system was reduced because it was an extremely 
localized system and had no trunk sewers, pumping or treatment. It also adopted a back service 
collector sewer layout. Greenhalgh (1984) reported that the construction cost of the system was 
U.S $128 (1984 values) per household. This was between 178 and 205 per cent more expensive 
than the construction cost of a ventilated leach pit latrine for the same site (depending on the 
materials used to b\lild the leachpit latrine). 
The system's construction cost was met by a loan to the userS from the State housing 
company. The money was passed from the hOUSing company to the Project implementing the 
NCS system, and any unspent money was passed on to the users after construction had been 
completed. The recovery rate on these loans is not known. 
4.10.3 Sao Paulo State 
Azevedo Netto (1989 a) has stated that more than fifty solids transporting NCS ("simplified" 
sewerage) systems have been installed in Sao Paulo State. Information relating to utilization and 
numbers of blockages has only been obtained for six systems (Table 4.6). It is unclear whether 
the figures for population served refer to households within reach of collector sewers or to those 
actually connected. Information on functioning and utilization for the other systems has not been 
obtained. 
The construction costs of simplified sewerage compared to those of conventional sewerage 
in Sao Paulo State (Table 4.7) have been reduced by means of the following design features 
(Azevedo Netto 1988): 
- increaSing the spacing between inspection chamber type access points; 
- replacing inspection chambers with underground boxes and inspection tubes; and 
using low cost anaerobic forms of treatment or waste stabilization ponds. 
The State water company recovers costs by means of user tariffs (related to user incomes in 
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the same way as detailed in Section 4.10.1.4), but information has not been obtained on the extent 
to which total capital and recurrent costs are covered in this way. 
Table 4.6 NCS systems in Sao Paulo Slate 
Town 
Ubirajara 
Queiroz 
Sta Clara d'Desle 
Tees Fronteiras 
Nipoa 
Monte Aprazivel 
Note. 
Total 
population 
3760 
1940 
2065 
4755 
3200 
20315 
Population 
served (1989) 
2234 
595 
784 
1648 
2529 
5778 
Blockages per kilometre 
of sewer per year 
1.41 
o 
8.52 
3.05 
0.85 
4.67 
1. Figure for population served derived by dividing figures for total construction cost by figures for average cost per 
person 
Source: adapled from Azevedo Nello (1989 a) 
Table 4.7 Comparison of constroctioa msts oC simplified and coDveo.tiooal sewerage iD Sao PauJo State 
Item 
House sewers 
Collector and trunk sewers 
Treatment plant 
Note. 
Total 
Cost of simplified 
sewerage (U.S. $1988 
per connection) 
11010220 
550 to 880 
11010220 
770101320 
1. Costs assume that an average of 5.5 people are served per connection. 
Source: adapled from Azevedo NCllO (1989 a) 
4.10.4 Ceara State 
Cost of conventional 
sewerage (U.s.$1988 
per connection) 
11010220 
1100 to 1650 
16510275 
1375102145 
Azevedo Netto (undated a) has reported that condominial sewerage has been implemented in 
Ceara State during the 1980s. No further information has been obtained. The installation of an 
interceptor tank NCS system in the small town of Brotas was completed in 1987 (Azevedo Netto 
1989 a). It has been reported (Azevedo Netto 1989 a) that by 1989 the system was serving 1084 
people out of the town's total population of 1910 (Azevedo Netto undated c). The system was 
reported to operate well and to be well maintained by an agency of the federal Ministry of Health 
(Azevedo Netto 1989 a). In the opinion of Azevedo Netto (undated c), success was due to: 
the high level of competence of the institution which designed the system and supervised its 
construction and operation; 
the adequate motivation and preparation of the community and their substantial 
participation in the system's construction; 
- the low costs and tariffs of the system; and' 
the efficient controlling of interceptor tank desludging. 
As far as is known the system has not yet been replicated. 
Cynamon and Dauer (1987) reported that the construction cost of the system (Table 4.8) was 
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reduced by: 
using buried inspection tubes as access points instead of inspection chambers; 
using anaerobic treatment plants; and 
- using interceptor tanks in order to adopt very relaxed sewer diameter and gradient and 
minimum velocity specifications. 
Cynamon and Dauer (1987) carried out a cost comparison between the construction costs of 
the Brotas system and those of a conventional sewerage system in Sao Joao do Jaguaribe, a town 
in Ceara which they reported had very similar characteristics to Brotas. They stated that the cost 
per connection of the Brotas sytem was 78 per cent less than that of the conventional system. 
Table 4..11 CaJstructioD costs of Ibe Brotas interceptor tank NCS system 
Item 
Design and supervision 
Interceptor tanks 
House sewers 
Collector and trunk sewers 
Treatment plant 
Note 
Total 
Cost per connection 
(U.S. SI988) 
44.00 
110.00 
88.00 
121.00 
55.00 
418.00 
1. Connection cost calculated assuming an average of 5.5 people served per connection. 
Source: adapted from Azevedo Netto (1989 a) 
Operating costs are reported to be V.S. $1.38 (1988 values) per connection a month 
(Azevedo Nello 1989 a). 
The construction of the system was funded by a grant from an international agency (Azcvedo 
Nello undated b). Although Azevedo Nello (1989 a) mentions that tariffs are charged, no 
information has been obtained concerning the extent to which the capital and recurrent costs of 
the system have been met from these tariffs and the level of subsidy to the users. 
4.10.5 Rio de Janeiro State 
Azevedo Nello (undated d) has reported that in 1986 condominial sewerage was 
unsuccessfully installed on a pilot scale in 22 housing blocks of the low income area of Baixada 
Fluminense in Rio de Janeiro. Some residents refused to connect to the condominial sewers, the 
residents' association rejected the system and the implementing agency was forced to make 
connection optional (Azevedo Nello undated d). It is not known what proportion of residents 
eventually connected to the system. 
Azevedo Nello (undated d) has stated that the engineer in charge of implementing the project 
considered that the following factors hindered success: 
- insufficient mobilization and preparation of the community; 
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the reluctance of some residents to rely upon the help of other users to maintain the system; 
- the installation of conventional sewerage elsewhere in the project area which in turn led to 
the feeling among some residents that they were being provided with a second class system; 
and 
- possible negative political interference. 
4.10.6 Malo Grosso Slate 
. Condominial sewerage was installed on a pilot scale in the city of Cuiaba in 1986 and 1987. 
This section is based entirely on information received from one of the engineers involved in the 
project (Rondon 1989). The project area encompassed 8000 households. Construction has 
remained unfinished in some parts of the project area due to lack of money. Furthermore, 
connection rates have been low. In one part of the project area only 80 out of a possible 400 
households had connected a year after the collector sewers were built. 
The following were identified as factors which hindered utilization: 
meetings with the community failed to convince all residents of the system's merits; 
some felt that the 100mm pipes that were used for the collector sewers were too small, while 
many who knew about conventional sewerage felt they were being offered an inferior system; 
construction schedule pressures led to a decision to proceed without the agreement of all 
community members and individuals were allowed the option of not connecting; 
house sewers and their appurtenances were the responsibility of residents to construct; 
the project was under-staffed; and 
a number of institutional and political problems, including the initiation of the project by the 
municipality (which in Cuiaba is not normally involved in sewerage projects) and its later 
transference to the indebted State water company. 
The following operating problems occurred: 
- deliberate pipe breakage by residents opposed to the system; 
blockages caused by stones, clothes, glass and other solids; 
- blockages caused by grease build up (no sullage traps were installed at the time of the system's 
construction); and 
- illegal storm water connections. 
Most of the above were considered to have resulted from the failure to convince residents of the 
worth of the system. In short, it was concluded that the system is a "sensitive" one and as such 
depends very much on the cooperation of users if it is to operate well. 
Three communal septic treatment tanks, each designed to serve a thousand people, have yet 
to be commissioned because the operating agency has refused to accept them from the contractor. 
Plans to build waste stabilization ponds and interceptor trunk sewers for sewage from the 
remainder of the project area have been postponed due to lack of money. 
A planned surcharge on the water tariff in order 10 recover costs had still 10 be implemented 
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in early 1989. 
4.10.7 Other states 
Condominial sewerage projects have been implemented in the states of Minas Gerais, 
Sergipe, Paraiba (specifically the town of Sape) and Alagoas (Azevedo Netto undated a and d). 
No detailed information about these systems has been obtained. Rondon (1989), however, has 
stated that in Minas Gerais the State water company has had to assume responsibility for 
operating the entire network because users objected to having to maintain the collector sewers 
that were laid on their property themselves. Azevedo Netto (1989 a) reported that the 
construction cost per connection of the system built in Sape in Paraiba State was U.S. $374 (1988 
values). This figure excludes the cost of sanitary fixtures. 
4.11 Colombia 
Rizo Pombo (1984) has reported that an NCS system serving ten households was installed in 
1982 in two separate sites (pascaballos and La Zono Suroriental) in the city of Cartagena. The 
same author compared the construction cost of the system with that of a conventional system for 
the same site; he reported that the NCS system was 50 to 57 per cent cheaper than the 
conventional one. No information on the performance, impacts or further spread of this system 
has been obtained. 
4.UBoIivia 
According to Wright (1988), a solids transporting NCS system of similar design to the 
"simplified" sewerage systems implemented in Sao Paulo State (Section 4.10.3) has been built in 
El Alto. Azevedo Netto (1988) has reported that it has also been installed in Oruro. Both systems 
were constructed during the 1980s. It is known that the systems were subsidized by the Bolivian 
government (Azevedo Netto 1989 b). However, no other information about the systems has been 
obtained. 
4.13 Costa Rica 
Wray (1989) reported that interceptor tank NCS systems were under construction in the 
districts of La Jenny and La Eulalia in San Jose, the former serving 163 plots and the latter 328 
plots. 
4.14Coba 
Azevedo Netto (undated b) has reported that the town of Matanzas in Cuba has an interceptor 
tank NCS system. All that is known of this system is that its inadequate maintenance led to 
responsibility for tank desludging being taken over from the local government authority by the 
central health ministry. 
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4.15 Zimbabwe 
Milne (1983) has referred to an attempt in Zimbabwe to sewer the effluent from aqua privies 
with overloaded seepage pits, thereby creating an interceptor tank NCS system. The attempt was 
reported to have failed due to resistance from the users. 
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5. Conclusions and snggestions for further research 
5.1 Design 
5.1.1 Diversity of d~ 
The majority of the infonnation on NCS gathered during this study relates to its technical 
design. Examining this information in tenns of its relation to the range of conventional sewerage 
design practice has led to three main findings. 
The first is that, although the design of NCS systems has shown considerable diversity, it is 
possible to divide 'them into two categories according to whether or not they incorporate 
interceptor tanks designed to prevent the bulk of the solids contained in excreta and sullage from 
entering the sewer lines. There is, however, no agreement on how these tanks should be sized or 
on how to relate the hydraulic retention times provided by them to the downstream design of the 
system. There even appears to be disagreement over the purpose served by interceptor tanks. In 
some systems they are used in order to pennit sewers downstream of them to be designed with 
very relaxed pipe diameter and gradient specifications. In these systems their primary purpose is 
to reduce the capital cost of the sewer network. In other designs, the use of interceptor tanks is 
not accompanied by any specifications that are relaxed beyond the range of conventional 
sewerage practice. In such cases their function is to act as a preventive maintenance device. 
The second finding is that conventional sewerage design practice also varies widely between 
different countries and sometimes even within the same country. Interceptor tanks, however, 
appear never to have been used. 
The third finding is that there is a substantial amount of common ground between NCS and 
conventional design practice, and in particular between NCS designs without interceptor tanks 
(solids transporting systems) and conventional sewerage. 
In view of the above findings, generalizations about NCS design are difficult to make. What 
follows is a list of its main features (besides the use of interceptor tanks), together with 
comments on the relative unconventionality of these features and the relative frequency with 
which they occur in NCS designs. 
5.1.2 Features ofNCS design 
Most interceptor tank and some solids transporting NCS systems make widespread use of 
low cost types of access point such as inspection tubes and underground boxes. Only inspection 
tubes figured in any of the conventional designs looked at during this stUdy and then only to a 
very limited extent. 
Both interceptor tank and solids transporting systems generally have either fewer or else 
smaller and shallower inspection chambers than feature in conventional designs. 
Many interceptor tank and solids transporting systems are localized in design so that trunk 
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sewers and pumping are minimized. This design principle has also featured in some conventional 
sources. However, the limits to which it has been taken during the Orangi Pilot Project NCS 
programme in Pakistan (which consists of a large number of "mini-systems", some serving as 
little as one street) does qualify as being unconventional. 
Some NCS systems (both interceptor tank and solids transporting) use a back service 
collector sewer layout. Some conventional designs have also done this. In some solids 
transporting NCS systems in Brazil, back service collector sewers have, as a matter of course, 
been laid on private property without easements being obtained by the authorities. In the 
conventional designs looked at during this study, this practice has only been put forward for use 
in exceptional circumstances. 
The large majority of interceptor tank NCS designs have minimum velocity specifications of 
less than 0.5m/s (the lowest found in a conventional design during this study). 
In general, NCS house sewer slopes are not outside the range found in conventional designs. 
The only exceptions to this rule occur in some interceptor tank designs where the length of house 
sewer connecting the outlet of the tank to the collector sewer is sometimes laid at a flatter 
gradient than 1 in 100 (the shallowest found for a house sewer in a conventional design during 
this study). 
Some interceptor tank designs together with one solids transporting design have a speCifica-
tion for the minimum slope at which the initial stretches of a collector sewer may be laid which is 
shallower than 1 in 200 (the shallowest found in a conventional design during this study). A 
smaller number of interceptor tank designs permit sewer lines to be laid with inflective gradients. 
This feature was not encountered in any conventional designs. 
Some interceptor tank and solids transporting designs have a minimum house sewer diameter 
specification which is smaller than 100mm (the smallest found in a conventional design during 
this study). 
Some interceptor tank designs have a minimum collector sewer diameter specification which 
is smaller than 100mm (the smallest found in a conventional design during this study). 
Nearly all interceptor tank and solids transporting designs permit a maximum flow depth 
higher than 75 per cent of pipe diameter (the highest found in a conventional design during this 
study). 
Some interceptor tank designs have a peak flow factor specification of less than 1.8 (the 
lowest found in a conventional design during this study). 
One interceptor tank and one solids transporting design use a minimum cover specification 
for pipes not subject to traffic loads of 50mm or 100mm less than the 300mm which was the 
lowest found in a conventional design. 
Some interceptor tank designs have a minimum cover specification for pipes subject to traffic 
loads of up to 340mm less than the SOOmm which was the lowest found in a conventional design. 
Some solids transporting designs and one interceptor tank system feature sullage traps. With 
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the exception of the one used in the interceptor tank system, little information has been obtained 
about their design. Some conventional systems also have sullage traps. 
Some solids transporting systems are reported to require as little as 3 to 5 litres of water per 
flush for adequate functioning, whereas 9 to 20 litres is the range commonly quoted for 
conventional sewerage. Information on the quantities of flushing water used in interceptor tank 
systems has not been obtained, but there is theoretical evidence that such systems could operate 
satisfactorily at volumes as low as 1.5 litres. Unlike other design features, however, this area is 
greatly influenced by user perceptions and behaviour. Hence, in Zambian NCS systems which 
functionally require little flush water, large amounts are reported to be used in practice. 
5.1.3 NCS design and cost reduction 
With the exception of the "preventive maintenance" type of interceptor tank and sullage 
traps, all the above features of NCS design have as their primary objective the reduction of costs. 
This study has indicated that, as far as technical design is concerned, access point costs, 
excavation and excavation-related costs, and flush water costs are the largest components of total 
costs. Excavation and its related costs are most significantly reduced either by reducing the 
length of pipeline per connection or by reducing the depth at which the pipeline is laid. Therefore 
the most important features of NCS design as far as cost reduction is concerned are: 
- those features relating to access points; 
- low flush volumes; 
- highly localized system designs; 
- routine adoption of a back service collector sewer layout (providing sanitary fixtures are at the 
rear of plOts); 
- very shallow and inflective sewer gradient specifications; and 
- relaxed minimum cover specifications for pipes subject to traffic loads. 
The following conclusions relate to the cost effects of using interceptor tanks. Whether they 
lead to any overall cost reduction depends on: 
- the minimum hydraulic retention times and the intervals between desludgings that they are 
designed to provide, since these specifications will determine their size and thus their cost; 
there is a wide range in both specifications in NCS designs; 
- whether they were newly-built for the NCS system (as has been the case for all implemented 
NCS projects), or whether they were constructed previously as part of an on site system; in 
the latter case their cost can be ignored as being a "sunk" cost; 
- whether they are used to justify sewer gradients and pipe sizes that are relaxed beyond the 
range of conventional sewerage practice; and 
- the topography, ground conditions and difference in cost of different sized pipes, since these 
are the three main factors which will determine the magnitude of savings created by relaxed 
sewer gradients and pipe sizes. 
112 
Since NCS systems with "preventive maintenance" tanks do not have unconventional 
gradients and diameters, it follows that such systems will need to adopt some of the other cost-
reducing NCS design features listed earlier in this section if.they are to work out cheaper than the 
least conservatively designed conventional systems. 
As a final point on the matter of cost reduction, it should be remembered that there are other 
factors besides technical design which influence the cost of a sewerage system. Those factors 
which were discussed in Section 2.2 remain important and are, with the exception of topography 
and ground conditions, unaffected by the NCS design features. 
5_1.4 NCS design and difficult site conditions 
In the first chapter of this study, the problems posed for conventional sewerage schemes by 
some of the physical characteristics of low income urban areas were discussed (Sections 1.2 and 
1.5.3.3). In connection with this, NCS systems with design features which reduce excavation are 
more appropriate than conventional sewerage in settlements with flat topography, high ground 
water tables and precarious house foundations. On the other hand, interceptor tank NCS designs 
may, if tank desludging is done by vehicles, be even less suitable than co"nventional sewerage in 
sites where access is poor. 
5.2 Coverage 
5.2.1 Introdnction 
This section is not entitled "utilization" for the reason that almost no information has been 
obtained which relates to the usage aspects of utilization (Section 4.3). The only information 
which has been obtained, which relates to Karachi in Pakistan, leads to the conclusion that 
accurate and appropriate health and hygiene education is necessary to ensure that an NCS system 
is correctly used by all the members of households which are connected to it, and by young 
children in particular. 
5.2.2 Extension of coverage 
With few exceptions, coverage has so far been smalL There have been many unimplemented 
proposals and unrepeated "pilot" projects. Only in Sao Paulo and Rio Grande do Norte States in 
Brazil is there firm evidence of on-gOing NCS prograrnrnes which consist of schemes in more 
than merely one or two towns. The OPP NCS programme in Orangi, a squatter settlement of 
about one million people in Pakistan, is noteworthy because it has consisted of a large number of 
small schemes. However, it has yet to be repeated on a similar scale elsewhere in Pakistan. NCS 
schemes have been installed in several Zambian towns, but no new ones have been built since the 
earl y 1960s. 
Apart from the older Zambian prograrnrne, interceptor tank systems have not been widely 
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replicated. The Sao Paulo and Rio Grande do Norte systems are both solids transporting. Some 
households in the OPP programme have built interceptor tanks. The tanks have, however, been 
very small and they are no longer considered a necessary part of the system. 
The size of some schemes in relation to the towns and cities in which they have been built is 
unknown. Where there is data, it is clear that NCS sewer networks have often been installed in 
only a small area, in some instances in only a few streets. However, in Orangi as well as in 
several smaller Brazilian towns in Sao Paulo, Rio Grande do None and Ceara States, there is 
evidence that fifty per cent or more of households are within reach of NCS networks. 
The truest measurement of coverage is the number of households connected to the network. 
This information is again lacking for several systems. Low rates of connection have been 
reported from schemes in Rio de Janeiro, MalO Grosso and Pernambuco States in Brazil. There 
is, however, evidence of good connection rates to NCS schemes in Orangi, as well as for two 
schemes in Rio Grande do Norte State and one in Ceara State in Brazil. 
The following sections draw conclusions about the factors which have helped and hindered 
coverage. 
5.2.3 Cost 
All the systems currently being replicated have capital costs per connection which are 
substantially reduced compared to the cost of conventional sewerage systems in the same 
locations. The reduction of access point costs has been a common feature. Reductions in the 
length of pipeline per connection and in pipeline depth have been more significant in the Rio 
Grande do None and OPP programmes than in the Sao Paulo programme. 
In Rio Grande do Norte, the only instance in which flush water costs have been included in 
the available cost data, reduced flush volumes have also been important in reducing the total 
annual cost per household of NCS compared to that of conventional sewerage. 
The use of small-scale contractors has played an important part in the reduction of capital 
costs in both the Rio Grande do Norte and OPP programmes. 
However, the great majority of unrepeated pilot and unimplemented NCS systems have also 
been substantially cheaper than the conventional sewerage systems with which they have been 
compared. The construction cost of the COP system in Orangi, for example, was even less than 
that of the average cost of the OPP system in the same settlement, yet it was the latter which was 
extensively replicated. Reducing capital costs seems therefore to be a necessary but not a 
sufficient condition for coverage success. 
5.2.4 Design 
Some systems have been limited in their applicability because aspects of their design have 
required unusual site conditions. The COP pilot scheme referred to above, for example, reduced 
costs by laying collector sewers in back alleys whereas such alleys were not common in the 
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settlement as a whole. Also in Orangi, it has been the favourable topography and natural drainage 
of the settlement which has made possible the building of the cost-reducing "mini-systems" 
characteristic of the OPP NCS programme. A similar programme would not be possible in a flat 
site with poor natural drainage. 
5.2.5 Institutions 
Cooperation and cost sharing between institutions for the purposes of increasing coverage 
has had some success in Rio Grande do Norte in Brazil, where the State water company has 
worked in conjunction with municipalities. Similar cooperation between the municipal authorities 
and an NGO has been an aim of the OPP programme in Karachi in Pakistan, but does not yet 
appear to have been realized. 
Reliable sources of institutional finance have been common to the Rio Grande do Norte, Sao 
Paulo and OPP programmes. In the case of the first two, the water companies have enjoyed 
access to sufficient capital to enable them to build NCS systems and recover costs later by means 
of user tariffs. An interruption in the supply of such funds severely constrained extension of the 
Rio Grande do Norte programme at one point. The OPP has been able to rely on an annual grant 
to cover all the costs of its sewerage programme which are not directly paid for by the 
community. 
In the case of many of the unreplicated systems no information has been obtained on this 
subject, although the indebtedness of the Mato Grosso State water company in Brazil was one 
factor which contributed to a failure to extend NCS coverage in the State beyond the pilot project 
phase. 
5.2.6 User financial contributions 
A major financial contribution on the part of the users (either by means of tariffs which have 
fully covered capital and operating costs or by direct payment of all labour and material costs) 
has been common to the Rio Grande do Norte and OPP programmes. Users also pay tariffs in the 
Sao Paulo programme but it is not known to what extent these have covered costs. 
By contrast, in some of the unrepeated pilot projects costs have either not been recovered 
from users at all, or else have been heavily subsidized. In the CDP scheme in Pakistan, for 
. example, 50 per cent of construction costs were paid by the implementing institution. 
Unfortunately, information is once again lacking for many systems, but it would seem 
reasonable to conclude that the financing of pilot projects in an unsustainable manner has been 
one of the barriers to achieving widespread coverage. 
Concluding that user financial contributions have been important for a system's success begs 
the question of how such contributions have been achieved. 
In Brazil, the existence of a water tariff system upon which to base sewerage tariffs has 
helped. In Rio Grande do Norte State in particular, the sewerage tariff for low income households 
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has been set at a rate equal to 2 per cent of one minimum salary and this has presumably put 
payment within the means of most people. 
Where it is a matter of fund raising rather than tariff payment, as in the OPP programme, it 
appears that trust is fostered between the agency and the community if the former avoids 
handling the community's money. There is evidence from unreplicated NCS schemes that 
mistrust is more likely to occur if the institution makes itself responsible for collecting and 
spending the money; the cost increases which often occur during construction are harder for the 
community to accept. The successful raising of funds has been further assisted in the OPP 
programme by the fact that most schemes are small enough for the group of residents involved to 
all know one another. 
The issuing of interest-free revolving fund loans tocommunity groups for the construction of 
small NCS schemes has been proposed in the literature, but has yet to be tried out. 
5.2.7 Commonity mobilizatioo 
A common feature of the Rio Grande do Norte and OPP programmes which has helped in the 
raising of money and the paying of tariffs has been the great emphasis placed on informing the 
community about the benefits of the sewerage system and mobilizing them in its favour. The 
following is a list of the similarities between the methods adopted in the two programmes: 
- the most important social unit for community mobilization purposes has been the individual 
street or block of households, claimed in Rio Grande do Norte to be ideal for generating peer 
group pressure in favour of NCS; 
- there has been a preference for using locally-based community mobilizers who have a broadly 
similar social and economic background to the communities with whom they are working; and 
- community meetings have been the focal point for the mobilization process and audio-visual 
aids have been widely used. 
It is also possible to draw a number of conclusions concerning circumstances which have 
particularly favoured or hindered community mobilization. 
It has worked best with settled communities who, even if they do not possess legal title to 
their plots, do at least have de facto security of tenure. 
The poor functioning of existing unsewered sanitation systems has been a further source of 
motivation. 
The success of initial schemes and the demonstration effect which they create has been an 
important motivating factor in the OPP and Rio Grande do Norte programmes. In Orangi, 
moreover, there was already evidence that many members of the community considered sewerage 
to be the preferable solution to their sanitation.problems before the OPP NCS programme ever 
began. They had built many small sewerage schemes on their own and this experience provided a 
good starting point for the OPP programme. 
Community mobilization has been reported as not working well in resettlement communities 
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or in new housing projects. 
In cases where an institution has lost (or never succeeded in gaining) technical credibility in 
the eyes of the community, mobilization has suffered, as it has when the community has 
perceived an NCS system as being in some way inferior to the 'conventional" sewerage systems 
which they believe have been installed elsewhere. 
Community mobilization has sometimes failed because it has not been given sufficient time 
as a result of construction schedules and budget spending deadlines. 
5.2.8 Connection rates 
The building by institutions of the house sewers and sanitary fixtures required for connection 
is the only certain way of achieving a high connection rate. This method has been used in several 
NCS schemes. In cases where it has been done in Brazil, it has the additional advantage of 
allowing users to spread the cost of connecting by means of tariffs instead of having to pay for it 
in a lump sum. 
Alternatively, members of the community have to build connections themselves. In such 
circumstances, successful community mobilization (Section 5.2.7) has been important for good 
. rates of connection to be achieved. Other favouring factors have been: 
- the involvement of the community in collector sewer route planning; 
- the advice and instruction concerning how to build connections which has been given to the 
community by staff of the implementing institution; 
- a back service collector sewer layout (if sanitary fixtures are at the rear of the plot), since this 
has meant shorter and less expensive house sewers; 
- previous payment by the community for collector sewers (in such cases residents have been 
motivated by the fact that, unless they connect, their investment in the collectors will have been 
more or less wasted); and 
- the widespread availability of cheap locally mariufactured sanitary fixtures and pipes. 
Loaning money to residents on the understanding that they use it to build connections has 
proved to be no guarantee of a high connection rate if the authorities are incapable of ensuring it 
is correctly spent. 
Legally binding connection agreements between the community and the implementing 
institution have been proposed in the literature, but no information has been obtained on whether 
or not they have been tried out and, if they have, on how ~uccessful they have been. 
In addition to unsuccessful community mobilization (Section 5.2.7), the following have also 
hindered good connection rates: 
- the unwillingness of either landlords or tenants to meet the cost of connecting rented properties; 
and 
- expensive pipes and sanitary fixtures. 
In relation to the last point, it is noteworthy that even in a scheme in Rio Grande do Norte 
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State in Brazil which otherwise had an excellent connection rate, the cost of sanitary fixtures was 
too high for the poorest residents. 
5.3 Functioning 
5.3.1IntrodnctioD 
The available information leaves much to be desired. There is no operating information at all 
for some systems, and a very wide range in the detail of the information available for the rest. 
There is the additional problem that the information on some systems refers only to their first few 
months of operation. 
The systems with the most serious reported operating problems are mostly those which have 
been reported on over the longest period of time, or for which the most detailed information has 
been obtained. There is a suspicion therefore that the functioning of the more under·reported 
systems might appear less good if more detailed and more up to date information were available 
on them. 
5.3.2 Reported operating problems 
The most commonly referred to problems are blockages and access point overflows. All but 
four of the systems for which some information on operation is available have been reported to 
experience blockages, although in some cases they have been said to be infrequent. The systems 
with the most serious reported blockage or overflow problems are: 
. some of the schemes in the OPP programme in Pakistan and some of the Zambian interceptor 
tank schemes; 
. a Nigerian interceptor tank scheme; and 
- a solids transporting scheme in Mato Grosso State in Brazil. 
Less commonly reported problems have been: 
- sewer pipes being broken by system users in schemes in Mato Grosso State and in Recife in 
Brazil; 
- sewer pipes being corroded seriously enough to need relaying in some OPP schemes; and 
- collector sewers laid on private property being built over with house extensions in one scheme 
in Rio Grande do Norte State in Brazil. 
As with blockages and overflows, the above are problems which have also been reported in 
conventional sewerage schemes (Section 1.5.3.4). However, two problems which relate only to 
interceptor tank designs have been reported: 
- overflowing interceptor tanks in schemes in Zambia, Nigeria and the OPP programme in 
Pakistan; and 
- the failure of latrine water seals in aqua privy systems in Zambia and Nigeria. 
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5.3.3 Causes of good and poor functioning 
In cases where problems have been caused by community misuse of the system (by, for 
example, pipe damage, inflow connection, or the introduction of refuse into the system), such 
misuse appears to have occurred as a result of one or more of the following: 
- inadequate refuse collection and stormwater drainage systems; 
- antipathy of some residents towards the system, stemming from a failure to mobilize the 
community in favour of it; or 
- ignorance on the part of users concerning how the system operates and how to look after it, 
stemming from a failure to educate residents sufficiently about the system. 
There are both interceptor tank and solids transporting systems among those which have 
experienced the most blockage problems. It appears therefore that interceptor tanks are not 
sufficient by themselves for blockages to be avoided. 
Inspection chambers have been the entry point for many of the solids which have caused 
blockages. Damaged and missing covers have facilitated entry. It is significant that, in addition to 
having interceptor tanks, two of the four systems for which there are no reports of blockage (the 
Brotas system in Brazil and the UNICEF system in Pakistan) have no inspection chambers. One 
of the other reportedly blockage-free systems (a solids transporting scheme in Sao Paulo State in 
Brazil) has only a small number of inspection chambers. 
Any anal cleaning solids and refuse which enter via WCS, together with any sand used for 
utensil cleaning which enters via sinks, should in theory be prevented from getting into the sewer 
network if there are interceptor tanks. Similarly, systems with sullage traps should intercept 
utensil washing sand. Often, however, this has not been the case in practice because tanks and 
traps have been too full of sludge or have had outlets which have been either badly designed or 
damaged. The operating information on the blockage-free Brotas and UNICEF systems relates to 
the early life of both, a period when there would have been less likelihood of overfull tanks or 
damaged outlets. 
Therefore the value of interceptor tanks and sullage traps as preventive maintenance devices 
depends on: 
- solids carry-over from them being prevented (which requires good design and regular 
emptying); and 
- solids entry through downstream access points being prevented (which, unless constantly good 
supervision and maintenance can be guaranteed, requires either that no access points are 
provided, or that only underground access points are built). 
Interceptor tank systems which use relaxed gradients and pipe diameters run the risk of 
severe blockage problems if these two conditions are not met. 
The avoidance of blockages caused by anal cleaning solids in NCS systems without 
interceptor tanks has been favoured by the fact that such systems have only been implemented in 
Islamic communities, where water is used for anal cleaning, and in Latin American societies, 
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where it is customary to dispose of anal cleaning solids into a container as opposed to the Wc. 
The successful functioning of solids transporting NCS systems in areas where anal cleaning 
solids are disposed of into the WC is not yet proven. 
Poor construction quality, particularly with regard to sewer slopes, inspection chamber 
inverts and inspection chamber covers, has increased solids entry, solids accumulation and 
blockages in some of the schemes in the OPP programme. This has resulted from the way in 
which construction has been organized; inadequately trained local builders have carried out some 
of the work (especially during the early stages of the programme) and the community-led 
approach to construction management taken by the implementing agency has meant that its staff 
have not supervised all construction work. 
The use of cement-based materials for sewers in systems in which some households use 
interceptor tanks has led to the rapid corrosion of somelpipes due to the generation of hydrogen 
~ulphide.in thesewers~and .the'subsequent formation of sulphuric acid. 
Systems with aqua privy latrines have been particularly susceptible to water seal failure and 
consequent bad odours in situations where the water supply has been unreliable. 
5.3.4 Maintenance 
Where local government authorities have been responsible for maintenance, such as in 
Zambia, Nigeria and Cuba, there have been problems. In Zambia and Nigeria, poor maintenance 
may partly have been because the municipalities appear not to have been involved in planning 
and constructing the systems they were expected to maintain. In Nigeria, the division of 
maintenance responsibility between the municipality and a central government agency may have 
further hindered maintenance by creating a confusion over respective responsibilities. 
Systems where users have been expected to share maintenance responsibility with institutions 
by looking after collector sewers that are on private property, have met with mixed success. In 
schemes in Rio Grande do Norte and Pernambuco States in Brazil it is reported to have worked 
well, with residents clearing blockages in the collector sewers to which they are connected. 
However, in Minas Gerais and Mato Grosso States, also in Brazil, the institutions have had to 
take over from the users. Success in Rio Grande do Norte has been helped by the fact that users 
have been given operation and maintenance instruction by employees of the implementing 
institution during the planning and building of systems. They have also been provided with 
-booklets explaining how to use and maintain the system. In Mato Grosso, the main explanation 
for failure has been unsuccessful community mo\1ilization (Section 5.2.7). 
There is no evidence on whether legally enforceable maintenance agreements between 
institutions and users have been tried, although they have been proposed in the literature. In Rio 
Grande do Norte, residents have signed informal agreements with the State water company 
which, as far as is known, do not have any legal standing, but which appear to have been upheld. 
In the OPP programme in Pakistan, users have been able to take responsibility for all 
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maintenance because there are no large sewers, pumping stations or treatment plants. 
In systems where users have responsibility for some or all maintenance, the sense of 
ownership felt by the community for the system has been important. This in turn has been 
influenced by the success or otherwise of community mobilization and the degree of community 
involvement in the planning and building of the system (Sections 5.2.6,5.2.7 and 5.2.8). Where 
this has been great, as in the OPP programme, there has been a high level of community 
organized maintenance and maintenance committees have been set up by the residents 
themselves. In this way most sewers have been kept working. It is ironic that the high level of 
community involvement in construction has at the same time been partly responsible for the high 
maintenance requirements of some of the OPP schemes (Section 5.3.3). 
The establishment of community maintenance organizations by NCS implementing agencies 
has been proposed in the literature but no evidence has been obtained on whether it has been 
achieved. 
Some maintenance workers privately hired by users in Orangi in Pakistan have carried out 
their work ineffectively and sometimes in such a manner as to create a health hazard. 
The high cost or unavailablity of replacement parts such as access point covers has hindered 
maintenance by users. 
Ensuring that interceptor tanks and sullage traps have been properly emptied has been a 
problem. In Zambia, Cuba, Recife in Brazil and Orangi in Pakistan, there has been either a 
complete neglect of tank and trap emptying or else only a partial removal of tank contents. This 
problem has occurred both in systems where tank emptying has been an institutional 
responsibility and in those where it has been the responsibility of users. 
No information has been obtained on the performance of an interceptor tank design with its 
own built-in sludge-drying bed. 
5.4 Health and other impacts 
It appears that practically no research has been done on the health, environmental and other 
impacts of NCS systems. No information has been obtained on health impacts which is Objective 
as opposed to being based on the perceptions and opinions of system users. 
The only objective information found on environmental impact relates to schemes in the OPP 
programme in Pakistan. It has cond uded that the programme has been responsible for an 
improvement of street environments due to the containment of waste water. However, .the same 
source has stated that the programme has had a negative environmental impact on households in 
the vicinity of sewer outfalls, and it is impossible to judge whether or not this has outweighed the 
positive impact. 
However, while specific information is lacking, it is reasonable to concl~de that in general 
many NCS systems have not met all the health and environmental criteria put forward for 
sanitation systems by Wagncr and Lanoix (1958) and listed at the beginning of this study 
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(Section 1.1.1). NCS systems without treatment facilities, and those which only provide 
anaerobic treatment, contaminate surface water. Their outfall points are unsightly and 
malodorous. The outfalls of the systems without treatment also provide conditions in which 
excreta is accessible to flies and animals. The more localized the design of such an NCS system 
is, the more outfalls it will have and the more areas will suffer these adverse impacts. In the 
absence of mechanical desludging, interceptor tank designs usually require the handling of fresh 
excreta. If the sludge is inadequately disposed of, further problems of unsightliness, bad odours 
and fly and animal contact will be created. 
5.5 Further research 
5.5.1 Introdnction 
Further research is required because: 
· there is uncertainty regarding the preventive maintenance value of interceptor tanks and the 
health hazards they may pose; 
· there is doubt concerning ttie implications for functioning and impact of other features of NCS 
design, due both to the gaps in the information available on the operating characteristics of 
existing systems and the considerable number of un implemented designs; 
· it is unclear whether certain NCS design features are socially or technically feasible in some 
situations; 
· there are aspects of NCS design, and also of its implementation and maintenance procedures, 
that have been neglected in the literature, either in the sense that the information available on 
them lacks detail or in the sense that they appear not to have been addressed at all; 
- for some systems there is a lack of information on coverage; 
- there is almost no information on usage and impact; and 
- there are interesting proposals in the literature which have yet to be tried out. 
5.5.2 Interceptor tanks 
Further research needs to be done to determine: 
- whether, on the one hand, interceptor tanks serve any useful preventive maintenance function if 
there are access points downstream of them through which solids can enter; and 
- whether, on the other hand, it is safe to design interceptor tank systems without access points or 
with only buried access points, in view of the reported difficulty of preventing solids carry over 
from tanks due to inadequate emptying. 
The above dilemma applies to systems which have pipe gradients and diameters within the range 
of conventional sewerage practice, as well as to those which use unconventional slopes and pipe 
sizes. Research should, however, be focused on the latter type of system, both because it is the 
one which has the potential (especially in flat sites with difficult ground conditions) to reduce 
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overall costs, and because such systems would be liable to experience the most serious blockage 
problems. 
Research is also required on: 
- the most appropriate desludging interval and minimum hydraulic retention time specifications 
for interceptor tanks used in NCS systems, since there has been a very wide range of values 
put forward in the literature; 
- the health hazards posed by interceptor tanks, since there is some evidence in the literature that 
they may create breeding sites for mosquitoes and that interceptor tank sludge may be unsafely 
disposed of; and 
- the performance of the interceptor tanks in Brotas in Brazil which have their own built-in 
sludge drying beds. 
5.5.3 Design, functioning and impact 
Funher research needs to be done on: 
- the functioning of localized treatment plants, as used for example in Rio Grande do Norte State 
in Brazil, since it has been asserted that good supervision and operation of such plants is 
difficult to sustain; 
- the health implications of localized systems which have no treatment facilities, particularly the 
OPP schemes in Pakistan which have outfalls within residential areas; 
- the longevity of the locally made pipes used in the OPP NCS programme, especially those 
which have been laid in roads with only 460mm of cover; 
- the long term operating characteristics of those systems where collector sewers have been laid 
on private property (such as in Rio Grande do Norte and other Brazilian States), since some 
sources have asserted that such sewers are liable to be inadequately maintained; and 
- the health implications of using sullage traps, since there is evidence that they may provide 
breeding sites for mosquitoes. 
Research is also required to determine: 
- whether the relaxed maximum flow depth specifications that feature in nearly all NCS designs 
have led to a high incidence of overflows, particularly during storms; 
- whether systems such as those in Brotas in Brazil which have no inspection chambers 
experience problems in locating and clearing blockages; 
- whether the use of interceptor tanks, low minimum velocity specifications, relaxed gradents 
and high maximum permitted flow depths has led to l1ydrogen sulphide problems in sewers; 
- whether the low minimum velocity specifications that are a feature of many interceptor tank 
NCS systems have led to problems of sewer slime accumulation, increased pipe hydraulic 
roughness values and reduced sewer discharge capacities; and 
- whether sullage traps are significant in preventing sand and similar types of solid from entering 
the sewer network, or whether entry through downstream access points is more important. 
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5.5.4 Social and tecbnical reasibility 
Further research is needed to determine: 
- in which countries and cultures it is unacceptable for collector sewers to cross private property; 
and 
- whether NCS systems without interceptor tanks are technically feasible in countries where anal 
cleaning solids are disposed of into the WC. 
5.5.5 Neglected areas or desigD, implementation and maintenance practice 
The following areas have either been largely overlooked or else reported on in insufficient 
detail: 
- the design of low cost sanitary fixtures; 
- the design of sullage traps; 
- means by which NCS schemes can be integrated with pre-existing household sanitation 
facilities in order that, in so far as is poSSible, previous householder investments in such 
facilities are not wasted; 
- financial mechanisms by which users can be helped to spread the costs of connection (including 
sanitary fixture costs), together with other methods for encouraging connections, particularly 
among the poorest households and rented properties; 
- the quantity of flushing water used in NCS systems; 
- the amount of stormwater inflow into NCS systems; 
- the detection and elimination of stormwater connections to separate sewerage systems; 
- the relationship between the type of sewer cleaning equi pment which is available and the 
spacing and type of access point which may be safely specified; 
- the means by which the construction quality achieved by small contractors working on NCS 
schemes can be raised to, and maintained at, an adequate level; 
- institutional coordination and cooperation during NCS projects; 
- the tariff systems used in Brazilian NCS schemes; 
- formal and informal community maintenance organizations; 
- means by which agencies involved in NCS projects can work in conjunction with the private 
sector to ensure an adequate supply of replacement parts such as access point covers, and 
thereby facilitate community maintenance; 
- the provision of training to private sector maintenance workers that are hired by the 
community; 
- the provision of training to the community concerning how to use and maintain the system; and 
- legal documents which can be used by the authorities to gain access to parIS of NCS systems 
which are on private property (such as interceptor tanks or back service collector sewers) for 
purposes of inspection or maintenance. 
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5.5.6 Utilization and impact 
Connection rate figures should be obtained for the systems in Brazil and other countries for 
which information is lacking, in order to judge how successful they have been with respect to 
coverage. 
Research is required to verify whether or not all members of households connected to NCS 
systems are using the systems. 
Health and environmental impact studies should be made of NCS systems. Of particular 
worth would be comparative studies between systems which provide varying levels of treatment. 
Comparative studies between systems which have outfalls away from residential areas and those 
with outfalls within them would also be useful. Such studies would only be possible for new 
schemes since they would require the collection of baseline data prior to the implementation of 
NCS. 
5.5.7 Untested design proposal'l 
The following are two unimplemented ideas which have been mentioned in the literature on 
NCS and on which further work could be worthwhile: 
- "upgraded" interceptor tank NCS systems in which some or all tanks have previously been in 
use as part of an on site system; and 
- interceptor tank NCS systems in which cornmunaltanks each serving between 10 and 30 
households are used in order to take advantage of economies of scale. 
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Appendix A Non conventional sewerage in developed countries 
A.t Australia 
A.t.t Extent 
In the State of South Australia interceptor tank NCS systems are accepted as a proven and 
reliable technology. Since 1962 over 80 small towns have been served by such systems and new 
schemes are continually being constructed (Binnies 1988) 
A.t.2 Design 
The following information is quoted from SAHC (1986). 
Interceptor tank size 
Domestic waste water flow 
Peak flow factor 
Maximum flow depth 
Minimum cover above 
pipe soffit 
Minimum velocity 
Minimum sewer gradients 
Minimum sewer diameters 
Use of inspection chambers 
Size of inspection chambers 
Other access points used 
Treatment plant 
1635 litres 
140 litres per person a day 
3.0 
0.6x pipe diameter 
0.3 metres (if pipe not subject to vehicular loads) 
0.6 metres (if pipe laid in a sealed road) 
0.75 metres (if pipe laid in an unsealed road) 
0.45 rn/s 
1 in 100 (house sewers and initial 30 metres of a collector sewer) 
1 in 250 (other collector sewers) 
100mm (house and collector sewers) 
Only at junctions of major sewers and adjacent to pumping 
stations 
Minimum diameter of 1.05 metres 
Inspection tubes used at the head of all sewer lines, all changes 
in direction, junctions of sewers less than 2.5 metres deep, and at 
a maximum spacing of 120 metres 
Usually waste stabilization ponds 
A.t.3 Implementation and operation 
Systems installed over twenty five years ago have been reported as still operating well today 
(SAHC 1986). Otis (1983) has reported that many South Australian systems have not been 
cleaned by annual flushing as recommended in the design guidelines issued by the State authority 
(SAHC 1986). In spite of this, only a few blockages have occurred, and these have been due to 
tree root intrusions (Otis 1983). Changing the regulations to ensure that sewers are constructed 
only of plastic pipes with solvent welded joints is reported to have corrected this problem (Otis 
1983). 
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Householders are responsible for seeing that their interceptor tanks are desludged; legal and 
institutional arrangements exist to ensure that tanks are regularly inspected by the municipal 
authorities and that householders fulfill their responsibility. 
NCS schemes in South Australia are eligible-for considerable government subsidies (SAHC 
1986). It has been reported (EPA 1979) that in the absence of such subsidies, as has been the case 
until recently in the State of Victoria in Australia, the implementation of NCS has been generally 
precluded. 
A.2 U.SA. 
A.2.l Extent 
Easson et al (1988) reported that since 1975 more than 20 interceptor tank NCS systems have 
been implemented in small towns in the U.S.A. 
A.2.2 Design 
The following information is taken from Otis (1983). Where a range of values is given this 
refers to the range in specifications Otis reported for the ten schemes he investigated. 
Interceptor tank size Minimum of 3785 litres 
Domestic waste water flow 189 to 379 litres per person a day 
Peak flow factor 
Maximum flow depth 
Minimum cover above pipe soffit 
Minimum velOcity 
Minimum sewer gradients 
Minimum sewer diameters 
Use of inspection chambers 
Other access points used 
Treatment plant 
A.2.3 Implementation and operation 
2.0 to 4.0 
No maximum 
0.3 metres to 2.1 metres 
None 
None; inflective gradients are permitted 
50mm (house and collector sewers) 
Only at major junctions 
Inspection tubes used at the head of all sewer lines, all 
junctions and major changes in direction 
Waste stabilization ponds; soil infiltration systems 
In the U.S.A., Otis (1983) has evaluated ten interceptor tank NCS systems, two of which had 
been operating for over five years, while the remainder had been in service for one to three years. 
He reported that odours had proved a problem in several of the systems but had been successfully 
dealt with, either by plugging t.he vents on the outlet baffles of interceptor tanks, or by installing 
traps on the upstream sections of collector sewer, or by extending collectors further uphill and 
venting them into a gravel-filled trench. Corrosion was a problem in lift stations but not 
elsewhere in the systems. Infiltration and inflow were serious problems in three of the systems. It 
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was suspected that one or more of the following were the sources of entry for such flows: 
- cracked or inadequately sealed interceptor tanks; 
- poorly maintained house sewers; and 
- damaged or badly designed access points. 
The accumulation of solids in sewers was not reported to be a serious problem in any of the 
projects, although the inspection chambers of one system were a source of entry for grit, stones 
and other debris. It was reported that these solids appeared to be largely retained within the 
inspection chambers and were thus easily removed. 
Otis (1983) reported that institutions have been set up to administer, operate and maintain the 
ten systems he reviewed. These institutions' responsibilities· include interceptor tank desludging 
and they have obtained permanent easements 10 insure access to the tanks. In most cases the 
institutions have retained ownership of the tanks. 
Schemes have been heavily subsidized by federal government; Otis and Siriotak (1987) have 
reported that 85 per cent of the construction costs of some systems were met by a grant from the 
United States Environmental Protection Agency. 
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Appendix B Conventional sewerage in developing conntries 
The following general sources were consulted: 
Banks (1989) 
Droste and McGarry (1985) 
Mann (1988) 
McGarry (1978) 
McGarry (1982) 
Oakley (1983) 
Oakley and Goode (1971) 
Pickford (1978 a) 
Pickford (1978 b) 
Sources relating to conventional sewerage in the following countries were also consulted: 
Botswana 
Egypt 
India 
Indonesia 
Kenya 
Liberia 
Libya 
Malaysia 
Nigeria 
Pakistan 
Sudan 
Tanzania 
Venezuela 
Senior (1989) 
WASH (1986) 
Culpin et al (1978) 
CPHEEO (1980) 
ADB(1984) 
Atkins and Goeritno (undated) 
Kruijff (1983) 
Kruijff (1984) 
Watson Hawksley (1988) 
EAEC(1977) 
GOK (1973) 
Kruijff (1980) 
Patel et al (1977) 
Akowuah (1985) 
Archer (1977) 
Lovatt (1970) 
ESKK (1981) 
Hogg and Dyer (1958) 
Aluko (1980) 
Holfelder and GKW (1978) 
BKH (undated) 
Preston and Cree (1981) 
Jones (1985) 
Lansdell (1977) 
Yemen Arab Republic Jackson (1979) 
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Zimbabwe Milne (1983) 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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